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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D,  C,  July  16,  1904. 
Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
paper  entitled  "Limestones  of  Southwestern  Pennsylvania,"  by  F.  G. 
Clapp,  and  to  recommend  its  publication  as  a  bulletin. 

This  report  deals  with  a  subject  which  is  of  considerable  interest 
from  an  economic  point  of  view,  in  consideration  of  the  recent  great 
extension  of  the  Portland-cement  industry.  The  data  here  pre- 
sented on  the  limestones  of  southwestern  Pennsylvania  will  serve  to 
point  out  promising  localities  for  the  erection  of  cement  plants  in  the 
coal  areas  of  the  State. 

Very  respectfully,  C.  W.  Hayes, 

Geologist  in  Charge  of  Geology. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 

Bull.  249--05 2  7 


LIMESTONES  OF  SOUTHWESTERN  PENNSYLVANIA. 


By  Frederick  G.  Clapp. 


INTRODUCTION. 

The  rapid  increase  in  Pennsylvania  of  Portland-cement  making  and 
of  other  industries  based  on  limestone  has  led  to  a  demand  for  infor- 
mation in  regard  to  the  character  and  occurrence  of  workable  beds  of 
that  material  in  the  western  part  of  the  State,  and  in  response  to  this 
need  the  present  paper,  which  contains  a  summary  of  our  present 
knowledge  regarding  these  beds,  has  been  prepared.  As  only  a  com- 
paratively small  part  of  the  field  has  yet  been  examined  by  the  geol- 
ogists of  the  United  States  Geological  Survey,  it  is  impossible  to 
prepare  anything  like  a  final  report  or  even  to  state  details  in  all 
parts  of  the  area,  but  by  the  assistance  of  descriptions  and  analyses 
made  by  the  Second  Geological  Sui'vey  of  Pennnsylvania,  in  addition 
to  the  more  detailed  work  of  the  United  States  Geological  Survey  in  the 
Brownsville,  Connellsville,  Masontown,  Uniontown,  Waynesburg, 
Latrobe,  Kittanning,  Rural  Valley,  Elders  Ridge,  Beaver,  Indiana, 
Bamesboro,  Patton,  Curwensville,  and  Ebensburg  quadrangles,  it  is 
possible  to  give  considerable  generalized  information  which  it  is  hoped 
will  be  of  economic  value. 

8TRATIGRAPHIC   DISTRIBUTION  OF  L.IMESTONE8. 

The  greater  part  of  western  Pennsylvania  is  underlain  by  coal- 
bearing  rocks,  in  which  the  number  of  limestones  is  very  great,  though 
only  a  few  of  them  attain  workable  thickness.  Following  is  a  list  of 
the  principal  limestone  beds,  together  with  their  maximum  thick- 
nesses and  approximate  stratigraphie  positions: 
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List  of  principal  limestones. 


Formation. 


Dnnkard  f oirmation^  (jr* 
Upper  Barren  mef&s- 
ures.  ^>  *. 


•  *  • 

■  •  • 


•  • 


Monongahela  formation, 
or  Upper  Productive 
measures. 


•*.    Kftitto. 


•   ( 


Approximate  stratigraphic 
poeition. 


Conemaugh  formation, 
or      Lower      Barren . 
measures. 


Upper     Washington 
limestone  (No.  VI). 


Waynesburg  limestone . 


Ben  wood,    or    Great, 
limestone: 

Upper  member, 
or  Uniontown, 
limestone. 

Lower  member 


Sewickley,  or  Fishpot, 
limestone. 

Redstone  limestone 


Pittsburg  limestone 


Elk  Lick  limestone 

Ames,    or    Crinoidal, 
limestone. 

Upper  Freeport  lime- 
stone. 


Allegheny  formation,  or  < 
Lower    Productive 
measures. 


Lower  Freeport  lime- 
stone. 

Johnstown  limestone  . 


Pottsville  formation 


Mauch   Chunk   forma- 
tion. 


Pocono  formation 


Vanport,  or  Ferrifer- 
^    ous,  limestone. 

Upper  and  Lower  Mer- 
cer limestones. 


Greenbrier,  or  Moun- 
tain, limestone. 

ILoyalhanna.    or    Siili- 
ceous,  limestone. 
Benezette     limestones 
of  Elk  County. 


Top  of  Washington 
formation,  250  to  425 
feet  above  Waynes- 
burg coal. 

20  feet  below  Waynes- 
burg coal. 


120  feet  above  Pitts- 
burg coal. 

Over  100  feet  above 
Pittsburg  coal. 

30  to  70  feet  above 
Pittsburg  coal. 

20  feet  below  Pitts- 
burg coal. 

Midway  between  Pitts- 
burg and  Upper 
Freeport  c<)als. 

Below  Upper  Freeiwrt 
coal. 

Below  Lower  Freeport 
coal. 

Below  Upper  Kittan- 
ning  coal. 

Below  Lower  Kittan- 
ning  coal. 

Between  Homewood 
and  Conoquenessing 
sandstones. 

40  to  50  feet  above  bot- 
tom of  Mauch  Chunk. 

Upper  x>ortion  of  Po- 
cono. 


Maxi- 
mum 
thick- 
ness. 


FeeU 
30 


35 


18 

90 
30 
10 
12 

6 

8 

28 

5 

10 

22 

4 
3 

30 
60 

7 


Besides  the  beds  named  in  the  table  there  are  many  thin  and  local 
limestones,  among  which  the  Jollytown,  Little  Pittsburg,  Middle 
Washington,  and  Lower  Washington  have  been  given  names,  but  are 
nowhere  known  to  be  of  much  economic  importance. 
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CIIARACTKR  AX1>  TIIICKXES8, 

The  thicknesses  iriveii  in  the  table  are  the  extreme  maxima  known 
to  exist,  and  should  not  l>e  aeeepteil  jis  likely  to  oeinir  over  ^ide 
areas.  The  averajre  amounts  in  each  ease  are  probably  considerably 
less  than  half  those  triven.  In  distribution  the  thickest  beds  are 
toward  the  southwest,  but  even  there  thev  randv  exceed  a  few  feet, 
and  beds  averaging  over  20  feet  are  only  about  three  in  number. 
Color  and  texture  vary  through  wide  limits,  from  nearly  black  to 
lig:ht  gray  or  white,  and  from  hanl  and  compact,  as  in  the  Vanport 
(Ferriferous),  to  extremely  fossiliferous  and  shaly,  as  in  the  Ames 
(Crinoidal).  In  composition  all  grades  occur,  from  calcareous  clays, 
shales,  or  sandstones,  to  limestones  which  contain  over  9t5  per  cent  of 
CAlcium  carbonate.  Magnesium  carlx)nate  is  always  present,  some- 
times amounting  to  less  than  I  i>er  cent,  but  frequently  rising  to  10 
per  cent  and  occasionally  exceeding  30  |>er  cent.  Alumina  and 
oxide  of  iron  may  l>e  present  in  any  amount  below  8  per  cent. 

All  analyses  given  in  this  paper  are  taken  from  reports  of  the  Se<*- 
ond  Pennsylvania  Survey,  and  were  mostly  made  in  the  lalH>ratory  of 
that  survev  l>v  Mr.  A.  S.  McCreath  and  his  assistants.  One  of  the 
most  striking  featuivs  in  regard  to  nearly  all  the  beds  is  their  extreme 
variability  in  texture  and  composition,  the  analyses  of  s|>ecimens 
taken  from  the  same  cjuarry  sometimes  showing  great  extremes.* 
Variations  exist  in  tin*  composition  of  strata  from  the  lK>ttom,  mid- 
dle, and  top  of  a  l>ed,*  and  it  is  not  probable  that  the  analysis  of  any 
single  specimen  represents  correctly  the  composition  of  the  entirt> 
output  from  a  quarry.  Suitable  allowance  therefore*  must  be  made 
in  accepting  figures  of  any  analysis.  Another  possible  souive  of 
confusion  in  making  use  of  analyses  here  given  arises  from  the  fact 
that  all  siwcimens  analyzed  were  colkvttMl  nmny  years  ago,  and  many 
of  the  farms  have  since  changed  hands  and  may  now  Ix*  known  by 
different  names.  It  is  likewise  i>ossible  that  certain  place  names  may 
have  gone  out  of  usage. 

DE8CUIPTIOX  BY  DISTRICTS. 

For  convenience  of  discussion  the  area  is  divided  into  four  districts — 
Monongah<»la  Valley,  Allegheny  A'alley,  leaver  Valley,  and  Allegheny 
Mountains.  PI.  I  is  a  general  map  of  southwestern  Pennsylvania, 
showing  the  leading  geographic  features  and  the  distributicm  of  the 
geologic  formations.  This  map  is  compiled  chiefly  from  the  county 
maps  of  the  S(H»on(l  (Geological  Survey  of  Pennsylvania,  connected  to 
date. 

Pis.  II  and  V  show  the  outcrop  of  the  Vanport  limestone  so  far 
as  known. 


1  Leslie,  P.  J.,  and  McC'r<»ath,  A.  S.,  Report  of  Se<'ond  Geol.  Snrveyof  Pennsylvania,  vol.  M2, 1879, 
lip.  311-861,  and  Final  Rept.,  vol.  1,  1««,  pp.  :C7-:«6. 

«8eeanalyae8Nos.«.7.H:  Jr>, :«{. :<7, :^, :«»:  4x»,4:i:  .57..V..W:  tti,«l,«8J:  75,7tt:  i«,  H7;  W»,»U  ttJ;  »7,»8,»», 
on  later  pages     . 
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As  a  rule,  the  limestones  of  each  region  have  characteristics  of 
their  own,  which  would  make  superfluous  any  general  preface  (lescrij)- 
tive  of  the  individual  beds.  The  descriptions  of  the  horizons  will 
therefore  be  placed  under  tlie  headings  of  the  several  districts. 
Where  the  thickness  of  the  bed  is  less  than  10  feet  few  specific 
localities  are  mentioned,  as  a  thin  bed  is  of  comparatively  little 
imi)ortance. 

MONONGAHELA  VALLEY. 

This  district  includes  approximately  the  area  underlain  by  the 
Pittsburg  coal.  From  a  depth  of  nearly  sea  level  in  the  southwest 
corner  of  Greene  County  the  coal  rises  rapidly  toward  the  east  and 
north  into  the  hilltops,  and  the  region  therefore  furnishes  outcrops  of 
all  beds  between  the  Mauch  Chunk  shale  and  the  upper  part  of  the 
Dunkard  formation.  Notwithstanding  the  fact  that  limestones  are 
more  abundant  in  this  region  than  in  any  other  portion  of  western 
Pennsylvania,  only  a  few  of  the  beds  are  of  economic  value.  These 
will  be  discussed  in  their  stratigraphic  order. 

LOYALHANNA  LIMESTONE. 

This  bed  is  the  Siliceous  limestone  of  the  Pennsylvania  reports. 
It  shows  in  outcrop  only  where  Chestnut  Ridge  has  been  cut  through 
by  the  westward-flowing  streams — Conemaugh  River,  Loyalhanna 
Creek,  and  Youghiogheny  River.  It  has  been  classed  by  some  geolo- 
gists as  the  basal  member  of  the  Mauch  Chunk  formation,  but  in 
reality  is  a  part  of  the  Pocono  sandstone,  into  which  it  merges  by 
insensible  gradations.  According  to  Stevenson,^  the  upper  portion  is 
a  conglomeratic  sandstone  containing  numerous  fragments  of  sili- 
ceous limestone.  This  portion  grades  gradually  into  the  siliceous 
limestone  proper,  which  is  a  fine-grained  rock  having  a  blue  color, 
flint-like  fracture,  and  no  true  cleavage.  On  its  fresh  surface  it  shows 
no  signs  of  bedding,  but  wliere  exi)osed  for  some  time  takes  on  a  dull 
brown  color  and  shows  a  peculiar  cross-bedding.  The  weathered 
surface  is  very  characteristic,  being  rough  and  pitted  and  unlike  any 
,  other  rock  in  the  region.  This  feature  is  well  illustrated  by  the  pho- 
tograph, PI.  VII,  B.  The  large  proportion  of  silica  in  the  rock  gives 
it  the  general  appearance  of  a  sandstone  rather  than  of  a  limestone. 

The  Loyalhanna  limestone  is  of  greatest  importance  northward, 
l)eing  on  Conemaugh  River  between  40  and  50  feet  thick  in  both  gaps. 
A  similar  thickness  prevails  in  the  Loyalhanna  and  Youghiogheny 
gaps,  but  southward  the  rock  becomes  thinner,  being  only  about  IH 
feet  thick  on  the  National  Pike  and  barely  4  feet  near  the  State  line. 
On  Cheat  River,  West  Virginia,  it  has  wholly  disappeared. 

The  limestone  often  occurs  in  two  benches,  separated  by  shale  and 
sandstone.  At  a  number  of  points  it  has  been  quarried  for  paving 
blocks  and  crushed  for  railroad  ballast.  Large  crushing  plants  have 
been  established  on  Conemaugh  River  above  Blairsville,  in  the  Loyal- 


» ReiK>rt  K3,  p.  52. 
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haniia  gap  above  Lalrobe,  and  in  the  Youghioglieny  gap  above  Coii- 
uelLsville.  At  the  last-inentioned  phice  the  quarry  face  has  a  height, 
of  GO  feet,  but  a  part  of  the  thickness  should  i>robably  l>e  classed  as 
sandstone. 

GREENBRIER  LIMESTONE. 

This  is  the  Mountain  limestone  of  the  Second  Geological  Survey 
reports,  and  is  the  feather-edge  of  the  Greenbrier  of  Virginia  and 
probably  of  the  Chester  and  St.  Louis  beds  which  occur  in  the  Mis- 
sissippi- Valley,  where  they  attain  great  thickness.  Its  greatest 
development  in  Pennsylvania  is  along  the  southern  boundary  of  the 
State,  where  it  attains  a  thickness  of  about  40  feet.  Along  Chestnut 
Ridge  and  Laurel  Hill  it  outcrops  about  50  feet  above  the  Loyalhanna 
limestone.  The  Greenbrier  is  somewhat  variable  in  character,  the 
greater  part  being  composed  of  thin  beds  of  pure  blue  limestone,  which 
often  grade  into  shaly  limestone  and  calcareous  shale.  In  places  it 
is  very  fossiliferous.  No  anailyses  are  known  to  have  been  made. 
Its  principal  use  is  in  burning  for  fertilizer,  for  which  purpose  it  is 
said  to  yield  lime  of  suj^rior  quality.  Formerly  it  was  used  as  a 
flux  in  iron  smelting. 

UPPER  FREEPORT  LIMESTONE. 

This  is  the  only  limestone  of  the  Allegheny  formation  known  to 
occur  in  the  region.  It  is  rarely  seen  and  may  not  l)e  persist^ent,  but 
is  known  in  places  to  reach  a  thickness  of  5  feet.  The  following 
analyses^  have  been  made: 

Analyses  of  Uppei'  Freeptyrt  limestone  from  Westmoreland  County,  Pa, 


No.  I."      I    No.  2.'' 


Insolnble  residue 

Calcinm  carbonate  (CuCOs) 

Magnesinm  carbonate  (MgCOs) 

Alumina  ( AljOj) 

Ferric  oxide  (FejOs) 

Snlphnr . 

Phosphorus  .  _ 


} 


0.990 

94. 643 

1.144 

2.720 

.028 
.015 


4.015 

»1 . 982 

1.604 

1 .  520 

.091 
.012 


a  Second  Geol.  Survey  of  Ponn.Hvlvania,  vol.  M2,  1875,  p.  jJUfi. 

'>  Second  Geol.  Survey  of  Pennnylvaniu,  vol.  H4,  1H7H,  jjp.  245-24«;  analysis  by  D.  McCreatb. 

No.  1. — From  Kier  Brothers'  (luarrj^  at  Salina:  Fine  grained,  brittle:  reddisli 
gray;  conchoidal  fracture. 

No.  2. — From  Wining  &  Cuisan's  quarry,  one-half  mile  northwest  of  Kellys 
Station:  Compact,  brittle;  i>earl  gray;  conchoidal  fracture;  sparkles  with  calcite; 
thickness  of  bed,  reported  4-5  feet. 

1  All  the  analyses  given  in  thin  paper  are  taken  from  the  reportH  of  the  Second  Geolofurical 
Survey  of  Pennsylvania,  and  were  made  in  the  lalxn-atory  of  that  survey  l>y  Mr.  A.  S.  M<"Cn»ath 
and  his  aRsistants.    Where  the  name  ot  tht*  analyst  is  known  it  is  ^ven  in  u  footnote. 
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PITTSBUR(i   LIMESTONE. 

Several  limestone  horizons  occur  in  the  Conemaugh  formation,  but 
are  only  locally  represented  by  limestone.  They  rarely  attain  a  thick- 
ness of  4  feet  and  are  unimportant,  l)eing  used  only  for  fertilizing 
purposes.  Following  is  an  analysis  of  the  Pittsburg  limestone — a  bed 
occurring  approximately  20  feet  below  the  Pittsburg  coal ;  the  speci- 
men was  taken  from  a  quarry  at  Lemont  furnace,  3  miles  northeast 
of  Uniontown : 

Analym's  of  Pittsburg  limestone  from  Fayette  County^  Pa.<^ 


InsoluV)le  residue - 

Calcium  carbonate  (CaCOj) 

Magnesium  carbonate  (MgCOa) 

Ferrous  carbonate  (FeCOs) 

Alumina  ( AljOj) 

Sulphur 

Phosphorus 


No.  8. 

7.360 

87.868 

1.733 

1.914 

.135 

.106 

.050 


•«  Vol.  M2,  p.  2«). 

No.  '). — Comparatively  soft  and  brittle;  very  irregular  fracture:  bluish-gray 
color. 

REDSTONE  LIMESTONE.^ 


This  is  a  hard,  gray,  crystalline  limestone  of  some  value,  occurring 
below  the  Redstone  coal  and  30  to  70  feet  above  the  Pittsburg  coal. 
Its  principal  occurrence  is  in  the  Connellsville  basin,  where  it  is 
rather  persistent.  On  Redstone  Creek  and  in  the  territory  between 
this  stream  and  Allegheny  River  it  is  of  fair  thickness  and  excellent 
quality,  and  throughout  Fayette  County  has  been  quarried  exten- 
sively in  the  past  for  fluxing  purposes  to  the  exclusion  of  all  other 
limestones.  For  the  same  purpose  it  is  extensively  quarried  in  the 
vicinity  of  Wheeling,  W.  Va.^  Throughout  the  greater  part  of  the 
Monongahela  Valley  it  is  usually  absent  or  very  impure.  The  follow- 
ing analysis  of  the  stone  from  the  quarry  at  Lemont  furnace  indicates 
that  if  the  composition  given  is  characteristic  of  the  bed,  the  percent- 
age of  magnesia  is  too  great  to  allow  of  its  having  any  value  for  Port- 
land cement: 

»  Vol  K2,  pp.  48-49. 

-  White,  I.  C,  Strati^rapliy  of  the  bitnminous  coal  fields  of  Pennsylvania,  Ohio,  and  West 
Virfriniu:  Bull.  U.  S.  Gool.  Survey  No.  65,  1891,  p.  (W. 
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Analysis  of  Redstone  limestone  from  Fayette  County,  Pa.^ 

I      No.  4. 


Inaolnble  residne _ 9. 460 

Calcium  carbonate  (CaCOs) 66.471 

Magnesium  carbonate  (MgCOs) 17.711 

Ferrous  carbonate  (Fefi^) 5. 178 

Alumina  (Al^Oj)  . 812 

Sulphur .- .080 

Phosphorus ,  048 

"Vol.  M2,  p.  289. 

No.  4. — Hard  and  brittle;  sparkles  withcalcite;  pearl  gray:  conchoidal  fracture. 


SEWICKLEY   LIMESTONE. 


1 


This  is  the  Fishpot  limestone  of  early  reports.  It  underlies  the 
Sewiekley  coal  at  an  interval  of  about  15  feet,  and  has  its  best  known 
development  in  the  Connellsville  basin.  Towai*d  the  south  it  is  thm 
and  of  inferior  quality,  improving  northward,  but  always  of  irregubir 
occurrence.  The  greatest  thicknesses  reported  are  from  30  to  35  feet, 
in  the  vicinity  of  Greenfield  on  Monongahela  River;  on  Redstone 
Creek,  in  Jackson  Township,  Fayette  County,  where  it  is  the  chief 
source  of  lime  for  agricultural  purposes,  and  at  Brownsville.  It  is 
reported  to  have  been  quarried  for  use  as  a  flux  in  North  Union  Town- 
ship, Fayette  County,  but  generally  it  runs  too  high  in  silica  for  this 
purpose.  The  following  analysis  shows  the  quality  of  the  stone  at 
Oliphant  furnace,  in  Georges  Township,  Fayette  County: 

Analysis  of  Sewiekley  limestone  from  Fayette  County.  Pa,<t 


No.  5. 


Insoluble  residue . .    . .  10. 770 

Calcium  carbonate  (CrCOs)            80.647 

Magnesium  carbonate  (MgCO,) - 2. 217 

Ferrous  carbonate  (FeCOs) \  1. 657 

Iron  disulphide  (FeS,) . . 1. 125 

Alumina  ( Al^Oa)  .  - : .  543 

Sulphur  trioxide  (SO3) .052 

Phosphoric  oxide  (P2O5) -0^ 

Water ..    .  1.010 

Carbonaceous  matter _  1 .  250 


"Vol.  M2,  p.  2H7. 

No.  5.— Compact;  minutely  crystalline;  spotted  with  pyrite:  dark  blue. 


»  Vol.  K2,  pp.  44-4tt. 
BnlL  249-^05 3 
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If  the  bed  maintains  this  composition  it  ought  to  be  of  value  in  the 
manufacture  of  Portland  cement,  and  that  such  may  be  the  case  is 
indicated  by  the  analysis  of  the  same  bed  in  Indiana  County.  Analy- 
ses from  Somerset  County  give  a  larger  percentage  of  magnesia,  prov- 
ing that  the  stone  at  those  points  is  unsuitable  for  the  purpose. 


BBNVrOOD  LIMESTONE. 


1 


The  Benwood,  or  Great,  limestone  is  by  far  the  most  important 
limestone  in  the  Monongahela  Valley.  It  sometimes  amounts,  with 
its  interbedded  shales,  to  as  much  as  140  feet  in  thickness,  and  is 
present  throughout  nearly  all  the  area  in  which  the  Monongahela 
formation  outcrops.  It  is  a  double  limestone,  occurring  between  the 
Union  town  and  Sewickley  coal  beds  and  about  120  feet  above  the 
Pittsburg  coal.  .  In  the  vicinity  of  the  Pennsylvania  Railroad  its 
stratlgraphic  position  has  given  it  locally  the  name  of  the  "  120-foot 
limestone."  The  upper  member,  known  as  the  **Uniontown  lime- 
stone," is  usually  6  to  15  feet  in  thickness,  often  impure  and  of  a  buff 
color,  and  is  said  to  be  a  good  natural  cement  rock.  At  Uniontown 
the  bed  is  10  feet  in  thickness,  and  has  been  quarried  extensively  for 
natural  cement;  used  in  the  construction  of  the  locks  on  Monongahela 
River.  There  are  reported  thicknesses  of  40  feet  on  the  West  Newton 
pike,  in  Rostraver  Township,  Westmoreland  County;  of  15  feet  at 
Markles  Mill,  on  Sewickley  Creek,  and  of  14  feet  near  Round  Hill 
Church,  in  Elizabeth  Township,  Allegheny  County. 

The  lower  member  is  much  more  persistent  than  the  Uniontown 
bed.  It  varies  in  character  from  a  hard  and  pure  to  a  very  shaly 
limestone.  It  is  much  thicker  than  the  Uniontown  bed,  usually 
averaging  above  50  feet.  The  maximum  thickness  is  reached  along 
Monongahela  River,  where  it  is  sometimes  as  much  as  90  feet.  On 
Sewickley  Creek  near  Bells  Mills  it  is  85  feet  or  more,  and  on  Youghio- 
gheny  River  near  the  Westmoreland  County  line,  55  feet.  Toward 
the  north  it  diminishes  in  thickness,  and,  where  it  is  exposed  along 
the  Pennsylvania  Railroad,  varies  between  7  and  28  feet.  Occasion- 
ally the  bed  is  one  solid  mass  of  limestone,  but  throughout  the  greater 
part  of  the  region  it  is  broken  up  into  a  number  of  strata  separated 
by  shale.  The  rock  is  often  siliceous  or  argillaceous  and  sometimes 
ferruginous.  Where  extensively  weathered  it  has  become  broken  up 
into  small  angular  fragments.  The  bottom  of  the  member  is  said  to 
be  geperally  the  more  magnesian,  although  all  portions  are  extremely 
high  in  magnesia,  as  indicated  by  the  first  three  of  the  following 
analyses,  and  is  nowhere  known  to  be  suitable  for  Portland  cement. 
In  Washington  County  the  stone  was  considerably  used  in  early  days 
in  the  manufacture  of  natural  cement. 

1  Vol.  K2,  pp.  87-40. 
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Analyses  of  Bentoood  Hmeatone  from  Wcuhiiigton  County,  Pa. 


Insolnble  residue 

Calcinm  carbonate  (CaCOs) 

Magnesimn  carbonate  (MgCOs) 

Ferrous  carbonate  (FeCOj) 

Alumina  ( Al^Oj) 

Sulphur 

Phosphorus 


I 


No.  6.« 

13.300 
68.837 
14. 649 

3.306 

.097 
.049 


No.  7> 


No.  X.h 


No. ».«- 


( 


I 


22. 520 

15.750 

14.920 

48.823 

1 

47. 080 

47. 750 

20.621 

28. 528 

30.  M3 

3.625 

3.523 

1 

7.511 

5. 608 

.203  1 

.069 

.126 

.051 

.127 

.015 

a  Vol.  K,  1876,  p.  888:  analysis  by  A.  8  McCreath. 

<>Loc.  cit.;  analysis  by  D.  McCreath. 

<?  Vol.  M2,  p.  285;  analysis  by  D.  McCroath. 

No.  6. — One  mile  north  of  Canonsburg:  Upper  layer,  very  hard  and  compact, 
like  conglomerate,  bluish  gray. 

No.  7. — One  mile  north  of  Canonsburg:  Middle  layer,  compact,  somewhat 
shaly,  color  bluish  gray. 

No.  8. — One  mile  north  of  Canonsburg:  Lower  layer,  hard,  compact,  unctuous, 
pearl  gray. 

No.  9. — Property  of  Dr.  Shaner,  in  Somerset  Township,  8  miles  from  Wash- 
ington. 

WAYNESBURG   LIMESTONE.  ^ 

The  Waynesburg  limestone,  which  is  a  rock  of  good  quality,  with  a 
probable  maximum  thickness  of  about  20  feet,  occurs  a  short  distance 
below  the  Waynesbur^  coal.  On  Redstone  Creek,  in  Franklin  and 
Redstone  townships,  it  amounts  to  15  or  20  feet.  On  Browns  Run, 
in  German  Township,  Fayette  County,  it  is  reported  by  Stevenson  as 
swelling  to  35  feet;  but  elsewhere  such  a  thickness  is  unknown.  The 
common  thickness  varies  between  8  and  15  feet.  The  stone  makes  a 
strong  but  rather  dark  lime.  It  is  accessible  at  many  places  through- 
out Fayette,  Westmoreland,  eastern  Greene,  and  southeastern  Wash- 
ington counties. 

LIMESTONES   OF  THE   DUNKARD   FORMATION. 

Scattered  throughout  the  Dunkard  formation  are  abundant  limestone 
beds,  which  have  been  described  by  the  Second  Survey  and  numl>ered 
from  I  to  XIV  inclusive.^  At  the  time  this  bulletin  is  submitted 
these  have  not  been  studied  by  the  present  survey,  but  from  Steven- 
son's investigations  it  appears  that  few  of  them  are  of  sufficient  thick- 
ness or  quality  to  be  of  value.  The  following  table,  compiled  from 
the  descriptions  given  in  Volume  K,  gives  the  principal  features  of 
the  several  beds: 


1  Vol.  E2,  pp.  85-86. 


*  Stevenson,  Vol.  K. 
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UPPER  WASHINGTON  LIMESTONE. 

This  is  the  principal  and  only  important  limestone  bed  of  the 
Dunkard  formation.  It  occurs  250  to  425  feet  above  the  Waynesburg 
coal,  and  is  widely  distributed  throughout  Greene  and  Washington 
counties.  It  is  usually  easily  recognized  by  its  weathered  surface, 
which  is  almost  snowy  white,  with  a  slight  tinge  of  blue.  Through- 
out the  greater  part  of  Washington  County  the  rock  has,  on  fresh  frac- 
ture, a  very  dark  blue-gray  to  bluish  black  color,  which  is  to  be  con- 
sidered characteristic  of  the  bed.  It  varies  in  thickness  from  4  to  15 
feet,  but  greater  thicknesses  are  occasionally  reported.  The  tunnel 
of  the  Baltimore  and  Ohio  Railroad,  about  1  mile  east  of  Washington, 
cuts  through  the  bed,  exposing  nearly  20  feet  of  solid  limestone.  A 
section  on  Cemetery  Hill,  near  Washington,  is  reported  to  show  a 
mass  of  limestone  and  shale  30  feet  3  inches  in  thickness,  subdivided 
as  follows: 

Section  of  Upper  Washington  limestone  near  Washington,  Pa.^ 

Pt.  In. 

Ldmestone,  laminated,  argillaceous i 2  0 

Dark  shale _ 5  0 

Galcareons  shale 6  0 

Shale  with  vegetable  markings 2  0 

Limestone 0  10 

Bitmninons  shale 0  10 

Limestone 2  0 

Galcareons  shale 1  8 

Limestone 1  6 

Shale - 0  10 

Limestone 3  0 

Shale -- - .-2  0 

Limestone 8  0 

Total  thickness 30      3 

The  stone  has  been  burned  in  many  places  for  a  fertilizer.  Fol- 
lowing is  an  analysis  of  a  sample  from  the  railroad  tunnel  east  of 
Washington,  which  indicates  that  if  the  quality  of  the  stone  is  con- 
stant it  should  be  of  fair  quality  for  the  manufacture  of  cement.  At 
this  point  the  bed  consists  of  nearly  20  feet  of  solid  limestone. 

^Vol.  K»p.  48. 
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Analysts  of  Upper  Washington  limestone  near  Washington^  Pa.^ 

* . — . 

i     No.  10. 


Insolnble  residue 17. 380 

Calcinm  carbonate  (CaCOs) |  72.866 

Magnesinm  carbonate  (MgCOj) I  3.818 

Almnina  (AliO,) 1 ^  ^  ^^ 

1/2  929 
Ferric  oxide  (Fe,0,) ..^ 

Snlphnr .  155 

Phosphorus .  |  .061 


oOp.  cit.,  p.  888;  analysis  by  D.  McCreath. 

No.  10. — From  middle  of  bed;  hard,  compact,  bluish-gray  limestone;  conchoidal 
fracture. 

ALLEGHENY  VALLEY. 

This  region  includes  the  lower  portion  of  the  Allegheny  Valley  and 
its  tributaries,  underlain  principally  by  rocks  of  the  Pottsville,  Alle- 
gheny, and  Conemaugh  formations.  Isolated  patches  of  the  Monon- 
gahela,  however,  occur  in  the  southern  portion,  and  in  the  northern 
part  the  Pocono  and  Mauch  Chunk  rise  above  water  level.  The  lime- 
stones range  from  those  of  the  Pocono  formation  up  to  the  Sewickley. 

BENEZETTE  LIMESTONE. 

At  a  few  points  in  Elk  County  a  triple  bed  of  limestone,  supposed 
to  be  of  Pocono  age,  has  been  found  about  200  feet  below  the  Olean 
conglomerate.  The  upper  bed  is  reported  as  having  a  probable  maxi- 
mum thickness  of  not  over  7  feet,  the  others  being  considerably  thin- 
ner. The  lower  bed  has  been  burned,  and  is  said  to  make  an  excellent 
fertilizer.  Analyses  have  been  made  of  the.upper  and  middle  beds, 
specimens  of  which  were  t>aken  from  a  point  on  Caledonia  road  1  mile 
west  of  the  village  of  Benezette. 

Analyses  of  Benezette  limestone  from  Elk  County,  Pa} 


Siliceous  matter 

Calcium  carbonate  (CaCOs) 

Magnesium  carbonate  (MgCOj) 

Alumina  (Al,Oj) 

Ferric  oxide  (FejOj) 


No.  U.      I    No.  12 


} 


50.670  15.980 

86.785  \  76.143 

1.408  1.740 

10.070  I  3.680 


1  Vol.  M8, 1881,  p.  as. 
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MERCER  (TIONESTA)  LIMESTONE. 

This  is  of  uncertain  occurrence,  but  is  known  to  be  present  at  a 
few  points.  An  analysis  has  been  made  of  a  specimen  from  Kelly's 
quarry  on  the  Saddle  Bags  tract,  4  miles  east  of  Tionesta,  on  Tionesta 
Creek,  Forest  County,  where  the  thickness  is  from  2  to  3  feet. 

Analysis  of  Mercer  limestone  from  Forest  Connty^  Pa.« 


i 


No.  13. 


Siliceous  matter 65. 160 

Calcium  carbonate  (CaCOa) ...   40.642 

Magnesinm  carbonate  (MgCOs)  - .1  1.172 

Alumina  ( AljOg) 

Ferric  oxide  (FftA) 

Phosphorus I  .  018 


,'} 


2.120 


aOp.  cit.,p.  90. 

No.  18. — Coarse  grained;  apx)earance  sandy;  very  hard  and  tough;  bluish  gray. 

VANPORT  LIMESTONE. 

This  bed,  usually  known  as  the  Ferriferous,  is  without  doubt 
the  most  widespread  and  available  limestone  for  Portland-cement 
manufacture  in  western  Pennsylvania,  outcropping  over  large  parts 
of  Jefferson,  Clarion,  Armstrong,  northern  Butler,  and  Lawrence 
counties,  and  appearing  occasionally  in  northern  Indiana,  Beaver, 
and  Venango  counties,  but  dying  out  along  a  line  drawn  in  a  north- 
east-southwest direction  through  the  middle  of  Indiana  and  the  west- 
ern part  of  Clearfield  counties.  Although  not  always  present,  even  in 
those  counties  where  it  is  best  developed,  it  is  the  most  persistent 
stratum  known  in  westei'n  Pennsylvania,  and  therefore  a  good  key  to 
the  geologic  structure.  The  approximate  outcrop  in  the  Allegheny 
Valley  is  shown  on  PI.  II.  In  stratigraphic  position  it  occurs  below 
the  Lower  Kittanning  coal  and  fire  clay,  from  which  it  is  sometimes 
separated  by  sandstone,  but  more  often  by  a  thin  bed  of  limonite, 
known  as  the  "buhrstone  ore  bed." 

The  limestone  is  of  good  quality  throughout.  It  is  usually  com- 
pact and  brittle,  with  an  irregular  fracture,  and  has  a  grayish  color. 
It  is  occasionally  very  fossiliferous,  containing  a  genuine  marine 
fauna,  consisting  of  crinoids,  corals,  brachiopods,  lamellibranchs, 
univalves,  etc.  The  maximum  known  thickness  is  22  feet.  This 
limestone,  as  shown  by  analyses,  is  the  only  bed  in  western  Pennsyl- 
vania which  almost  universally  contains  less  than  2  per  cent  of  mag- 
nesium carbonate.  The  only  specimen  of  this  bed  containing  more 
magnesium  carbonat'C  is  from  Benezette,  Elk  County,  and  shows  over 
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6  per  cent.  The  siliceous  matter  is  likewise  usually  very  low,  while 
the  proportion  of  calcium  carbonate  is  high,  running  between  86  and 
96  per  cent.  The  stone  is  now  used  for  the  manufacture  of  Portland 
cement  at  one  plant,  and  there  is  every  reason  to  believe  it  will  be 
extensively  used  for  this  purpose  in  the  future.  It  also  makes  excel- 
lent ballast,  flux,  road  metal,  and  fertilizer. 

Indiana  County. — Four  feet  five  inches  of  the  Vanport  limestone 
was  penetrated  by  a  diamond-drill  hole  on  Ramsay  Run,  and  its  out- 
crop is  found  at  one  ix»int  on  the  north  side  of  Yellow  Creek;  but  with 
these  exceptions  the  bed  is  known  only  in  the  northern  part  of  the 
county,  where  it  outcrops  on  Mahoning  Creek  with  a  thickness  of 
4  or  more  feet.  A  specimen  from  Isaac  Simpson's  quarry,  one-half 
mile  southwest  of  Richmond,  j^ave  the  following  analysis: 

Analysis  of  Vanport  limestone  from  Indiana  County  ^  Pa,<^ 


Insoluble  residue  _ 

Calcium  carbonate  (CaCOs)  . . . 
Magnesium  carbonate  (MgCO,) 

Alumina  ( AljOj) 

Ferric  oxide  (Fe^Oj) 

Sulphur 

Phosphorus 


No.  u. 


} 


2.090 

92. 857 

1.589 

2. 080 

.187 
.035 


aVol.  H4,p.  264. 

No.  14. — Hard  and  tough;  fossiliferous;  fracture  irregular;  color,  dark  bluish 
gray. 

Armstrong  County. — In  the  southern  part  of  Armstrong  County 
outcrops  of  the  limestone  are  only  occasional,  but  from  Kittanning 
northward  the  horizon  is  above  water  level  along  Allegheny  River 
and  appeal's  in  several  of  the  larger  side  valleys.  PI.  Ill,  from  a 
photograph  taken  at  the  Kittanning  Clay  Manufacturing  Company 
at  Kittanning,  shows  a  section  included  between  the  bottom  of  the 
Vanport  limestone  and  the  top  of  the  Lower  Kittanning  coal.  The 
limestone  and  coal  are  here  separated  by  a  few  inches  of  buhrstone 
ore  and  15  to  30  feet  of  shale  and  fire  clay.  PI.  IV,  A  and  B,  are 
nearer  views  of  part  of  the  quarry.  The  buhrstone  ore  bed  is  the  dark 
stratum  l)eneath  the  shovel  in  PI.  IV,  B. 

At  Mahoning  the  limestone  is  quarried  and  shipped  to  Kittanning, 
where  it  is  used  by  the  Kittanning  Iron  and  Steel  Manufacturing 
Company  as  a  flux.  At  West  Winfield,  on  the  edge  of  Butler  County, 
the  bed  has  a  thickness  of  21  feet.  It  is  extensivel}^  mined  and 
shipped  by  A.  G.  Morris,  who  is  working  practically  the  whole  thick- 
ness and  has  probably  the  largest  limestone  quarry  in  western  Penn- 

Bull.  249—05 4 
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sylvania.  Analyses  of  stone  from  this  vicinity  are  wanting,  but  sev- 
eral have  been  made  from  points  throughout  Armstrong  County. 
The  usual  thickness  is  only  from  6  to  10  feet,  as  shown  in  the  follow- 
ing table: 

Analyses  of  Vanpart  limestone  from  Armstrong  County^  Pa, 


No.  16.0 


Insolnble  residue 

Calcium  carbonate  (CaCOg) . 

Magnesium    cabonate 
(MgCO,) 

Alumina  ( Al,Oj) 

Ferric  oxide  (Fe,0,) 

Sulphur 

Phosphorus _ 

Thickness  in  feet . 


3.420 
98. 246 

1.740 
|l.6«7 


.032 
StolO 


No.  16>!no.  17.«* 

1 

No.  18.rf 
0.370 

No.  19.  *•  No.  aOJ 

No.21.(y 

1 
0.790     2.100 

2.110  j  8.220 

2.800 

96.007  94.  laV  96.785 

95.567   93.292 

94.721 

1.498     1.483 

1 

1.278 

1 
1.422       .968 

1.044 

1.462     2.089 

1 

1.000 

.060 
.029 

.930     1.718 

1.888 

.034       .08 

.0a5       .047 

.047 

9  ,          7 

8 

1 

1 

a  Vol.  H5,  p.  97;  analysis  by  McCreath. 
(>Op.  cit.,  p.  109;  analysis  by  McCreath. 
<'Op.  cit.,  p.  64;  analysis  by  McOreath. 


rfVol.  M2,  p.  298. 
«Vol.  M3.  p.85. 


/Op.  clt.,  p.  86. 
9  Op.  cit.,  p.  86. 


No.  15. — Cowansh^nnock  Creek,  west  edge  of  Cowanshannock  Township:  Coarse; 
grayish;  very  fossiliferous. 

No.  16. — Mahoning  Creek,  at  Stewardson  Furnace. 

No.  17.-^Crooked  Creek,  between  Mr.  George's  and  pottery:  Bluish  gray;  com- 
pact; brittle:  richly  fossiliferous;  the  lime  is  dark,  but  good,  breaking  down  into 
a  soft  fine  powder. 

No.  18. — Pine  Creek  furnace,  6  miles  northeast  of  Kittanning:  Compact;  bluish 
gray;  irregular  fracture. 

No.  19. — Ros&  Reynold's  limestone,  one-half  mile  north  of  Kittanning:  Fine 
grained;  fossiliferous;  mottled  with  calcite;  rather  tough:  light  pearl  gray. 

No.  20. — P.  Graff,  near  Buffalo  Mills:  Finegrained:  brittle;  more  or  less  stained 
with  ferric  oxide;  fracture  rough,  somewhat  conchoidal;  color,  dark  gray. 

No.  21. — J.  A.  Colweirs  quarry,  one-fourth  mile  northwest  of  Mahoning  fur- 
nace: Rather  compact  and  fine  grained,  full  of  fossil  casts;  bluish  gray;  conchoidal 
fracture. 
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Following  is  a  more  detailed  analysis  of  a  specimen  from  Steward- 
son  furnace,  1  mile  east  of  the  mouth  of  Madison  Creek,  in  Madison 
Township: 

Analysis  of  Vanport  limestone  from  Stewardson  furnace^  Armstrong  County,  Pa,o 


Calcinm  carbonate  (CaCOg)  -  -  • 
Magnesinm  carbonate  (MgCOj) 

Silica  (SiO,) 

Alumina  ( AljOs) 

Ferric  oxide  (Fe,Og) 

Manganic  oxide  (Mn^Os) ... 

Snlphnr  trioxide  (SOs) 

Phosphoric  oxide  (PjOs)  —  _ .  - 
Water 


No.  22. 

95.685 

.907 

2.080 

.174 

1.114 

.206 

.064 
.082 

.150 

a  Vol.  MS,  p.  86. 

No.  22. — Fine  grained;  fnll  of  fossil  casts;  pearl  gray  to  reddish  gray;  fracture 
rough,  slightly  conchoidal. 

Clarion  County, — According  to  the  Second  Survey,  although  the 
limestone  is  sometimes  absent  over  wide  areas,  it  has  nevertheless 
more  than  450  linear  miles  of  outcrop  in  Clarion  County.  The  thick- 
ness averages  about  8  feet  in  the  western  townships  and  occasionally 
runs  as  high  as  15  feet.  In  the  past  the  stone  has  been  considerably 
used  as  a  furnace  flux.     Four  analyses  have  been  made,  as  follows: 

Analyses  of  Vanport  limestone  from  Clarion  County  y  Pa.<^ 


Insoluble  residue 

Calcium  carbonate  (CaCO,)  . . . 
Magnesium  carbonate  (MgCOg) 

Alumina  ( Al,Os) 

Ferric  oxide  (Fe,0,) 

• 

Phosphorus 


No.iW. 


1.110 

96.428 

1.202 


) 


.867 
.028 


No.  24. 


No.  25. 


1.780       1.960 

95. 196  j  95. 532 

1.265  1      .980 


1.529 


.081 


1.050 


.070 


No.  26. 

2.190 

95.282 

.407 

1.310 

.061 


a  Vol.  M8,  p.  87. 

No.  28. — Barger  quarry.  Perry  Township;  Bather  coarse  grained;  mottled  with 
calcite;  bluish  gray. 

No.  24. — Sligo  furnace,  Piney  Township:  Fine  grained;  rather  tough;  stained 
with  ferric  oxide;  light  bluish  gray. 

No.  25. — Hindman's  quarry,  Clarion  Township:  Fine  grained;  mottled  with 
calcite;  rather  brittle;  bluish  gray. 

No.  26. — On  Long  Run,  Porter  Township:  Brittle;  more  or  less  stained  with 
ferric  oxide;  generally  pearl  gray;  bed  5  to  6  feet  thick,  overlain  by  9  inches  of 
carbonate  ore. 
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Jefferson  County. — Over  three-fourths  of  Jefferson  County  the  bed 
has  extensive  outcrops,  with  a  maximum  thickness  of  from  4  to  6 
feet;  but  toward  the  southeast  it  dies  out  entirely,  and  in  Clearfield 
County  is  unknown. 

Analyses  of  Vanport  limestone  from  Jefferson  County,  Pa. 


Insoluble  residne ... 

Calcinm  carbonate  (CaCOg) 

Magnesinm  carbonate  (MgCO,) I      .  883 

Alnmina  (Al^Os) 

Ferric  oxide  (FcjO,) 

Phosphoms ..... 


( 

No.  W.a 

No.  28.6 

No.  2».b 

No.  30.ft 

1.280 

1.800 

1.910 

2.040 

96.578 

96.438 

94.393 

98.648 

.883 

.908 

1.702 

1.816 

1 

i  .780 

.990 

1.315 

1.810 

.037 

.084 

.081 

.030 

o  Vol.  M8,  p.  90. 


feOp.  cit.,  p.  89. 


No.  27. — Samuel  Shield's  property,  1  mile  north  of  DowlingviUe:  Rather  fine 
grained;  fossiliferous;  sparkles  with  calcite;  pearl  gray. 

No.  28. — Property  of  A.  Enty,  one-half  mile  southeast  of  Worth ville:  Fine 
grained;  brittle;  fossiliferous;  light  bluish  gray. 

No.  29. — C.  Bovaird,  8  miles  northwest  of  Brockwayville:  Fine  grained;  brit- 
tle; pearl  gray. 

No.  80. — Property  of  William  Hanna,  2  miles  northeast  of  Sprankles  Mills: 
Hard  and  tough;  fine  grained;  full  of  fossil  casts;  dark  bluish  gray. 

Elk  County. — Little  is  known  of  the  limestone  in  this  county,  but 
from  analyses  made  by  the  Second  Survey  it  is  thought  to  be  more 
variable  in  quality  than  in  any  other  portion  of  the  region.  It  is  here 
known  as  the  Clermont  limestone,  has  a  maximum  thickness  of  from 
7  to  10  feet,  and  has  been  quarried  on  a  small  scale. 
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Analysea  of  Vanport  limestone  from  Elk  County^  Pa. 


No.  81.a 


Insoluble  residae 2. 390 

Calcium  carbonate  (CaCO,)  86. 910 

Magnesium  carbonate  (MgCOj) 6'.  659 

Alumina  ( AljO,) 

Ferric  oxide  (FejO,) 

Phosphorus  . 017 


! 


2.205 


No.  as.i» 

No.  38.a 

8.390 

8.370 

85. 714 

91.785 

1.170 

1.808 

8.422 

1.710 

.069 

.082 

No.  U.b 


7.370 

86.214 

1.785 

2.610 

.050 


No.  as.* 


1.630 

94.357 

1.684 

1.638 

.031 


No.  m.b 


Insoluble  residue '    2. 200 

Calcium  carbonate  (CaCOs) 94.107 

Magnesium  carbonate  (MgCOa)  -   - 1. 369 

Alumina  (Al,Os) 

Ferric  oxide  (FejOg) 

Phosphorus .063 


:} 


1.626 


No.  37.l» 

No.  88.«» 

61.670 

38.950 

27.  a57 

54.558 

.988 

1.185 

8.880 

8.080 

.062 

.104 

No.  a».fc 

41.690 

49.782 

1.881 

8.650 

.288 


a  Vol.  M8,  p.  91.    b  Op.  cit.,  p.  98. 


No.  31.— G.  W.  Winslow^s  farm,  2  miles  northeast  of  Benezette:  Rather  coarse 
grained;  brittle;  mottled;  thickness,  10  feet. 

No.  82. — Kylers  Comer,  Fox  Township,  on  east  side  of  Little  Toby  Creek:  Very 
fine  grained;  brittle;  fracture  conchoidal;  color,  bluish  gray. 

No.  33.— Brandy  Camp  post-office,  Horton  Township:  Bather  coarse  grained; 
brittle;  mottled  with  calcite:  bluish  gray. 

No.  34. — One  mile  east  of  J.  S.  Chamberlain's  farm,  from  branch  of  Toby  Creek, 
Fox  Township:  Very  finegrained  and  brittle;  fracture,  subconchoidal;  dark  bluish 
gray. 

No.  35. — General  Kane's  quarry,  Jones  Township;  Johnson  Run  coal  basin,  4 
miles  east  of  Wilcox  (upper  bed):  Fine  grained  and  very  brittle;  more  or  less 
stained  with  iron  oxide;  reddish  gray. 

No.  36.— General  Kane's  quarry,  Jones  Township;  Johnson  Run  coal  basin,  4 
miles  east  of  Wilcox  (lower  bed) :  Rather  fine  grained;  brittle;  mottled  with  cal- 
cite; dark  bluish  gray. 

No.  37. — Oyster's  quarry,  Brockport,  Horton  Township  (middle  bed):  Fine 
grained;  brittle;  argillaceous;  dark  blue. 

No.  39. — Oyster's  quarry,  Brockport,  Horton  Township:  Appearance,  shaly; 
fossiliferous;  bluish  black;  thickness  in  this  quarry,  7  feet  or  more. 

JOHNSTOWN   LIMESTONE. 

This  is  an  impure  limestone  occurring  directly  beneath  the  Upper 
Kittanning  coal  and  fire  clay.  Although  it  has  been  observed  at 
widespread  localities  throughout  the  western  part  of  the  State,  it  is 
not  supposed  to  bo  at  all  persistent,  as  it  is  frequently  known  to  give 


28         LIMESTONES   OP   80UTHWE8TEKN   PENNSYLVANIA.         [bull.  249. 

way  to  ore-bearing  shales,  and  sometimes  disappears  entirely.  On 
account  of  having  been  used  for  natural  cement  at  its  type  locality  at 
Johnstown,  the  limestone  has  hitherto  been  known  as  the  Johnstown 
cement  bed.  The  composition,  however,  is  extremely  irregular,  the 
calcium  carbonate  varying  anywhere  between  34  and  92  per  cent  and 
the  magnesium  carbonate  from  1.4  to  21  per  cent.  This  variation 
renders  the  term  "  cement  rock"  hardly  appropriate,  and  the  word 
'^  limestone  "  is  therefore  substituted.  Tlie  frequent  large  percentage 
of  silica  and  other  impurities  is  illustrated  by  the  following  analysis: 

AncUyna  of  Johnstown  limestone  from  the  type  locality  at  Johnstown,  Pa,<^ 


Insoluble  residue 

Calciom  carbonate  (CaCOs) 

Magnesium  carbonate  (MgCOs) 

Ferrous  carbonate  -(FeCO,) 

Alumina  (A1,0,)  _ 

Iron  disnlphide  (FeS|) 

Phosphorus 


No.  40. 


^ . 


27.878 

34.301 

21.650 

8.700 

3.890 

1.268 

.049 


aVol.  H2,p.  168. 

No.  40. — Hard  and  brittle;  bluish  gray;  shows  considerable  p3nrites;  emits  strong 
argillaceous  odor  when  breathed  upon. 

On  Black  Lick  Creek  the  bed  is  reported  to  be  extensively  quarried 
and  to  have  a  thickness  of  10  feet.  In  this  region  and  still  farther 
east  it  was  formerly  supposed  to  be  identical  with  the  Ferriferous 
limestone  and  is  spoken  of  as  such  in  the  early  reports.  In  Jefferson 
County  it  is  nearly  always  present,  but  is  of  an  impure,  ferruginous 
nature.  In  northern  Indiana,  Armstrong,  Clarion,  Butler,  and  Elk 
counties  it  is  probably  only  locally  present  and  always  thin. 
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AnalyBCS  of  Johntiown  limestone  from  Indiana^  Jefferson,  Armstrong^  and  Elk 

counties^  Pa, 


Insolnble  residne 18. 790 

Calcinm  carbonate  (CaCOj) 78.768 

HagnesiTiin  carbonate  (MgCOs) 2. 421 

Ferrons  carbonate  (FeCOg) 

Alumina  (AlA) ^^^ 

Ferric  oxide  (FejO,) 

Snlphur _ '      .097 

Phosphoms .  018 


No.  41,a 


] 


No.  42.0 


{ 


82.790 

86.214 

16.888 

8.078 

4.860 


.056 
.056 


No.  4B,b 


15.060 
58.750 
16.005 


}'• 


880 


.041 
.085 


No.  44.e 


^^  83. 900 
51.410 
8.962 


7.790 


.088 


No.  46.0 


Insoluble  residue I    8. 020 

Calcium  carbonate  (CaCOg) 82.398 

Magnesium  carbonate  (MgCOg) 1. 891 

Ferrous  carbonate  (Fe,COg) 

Alumina  ( AljOg) 

Ferric  oxide  (Fe,Og) 

Sulphur - . 


No.  46.« 


No.  47.« 


28.840     22.280 

53.750  I  64.160 

9.989  I     1.888 


No.  48.r 


86.860 

50.857 

2.467 


> 


4.658 


Phosphorus 


7.780 


7.450 


7.040 


.054 


aVol.  H3,p.  190. 

ft  Vol.  H4,  p.  221;  analsrais  by  A.  S.  McCreath. 
eVol.  M8,p.89. 

tfThe  ifirnited  ''insoluble  residue ''  contains  silica,  27.570  per  cent;  alumina,  4.800  per  cent;  ferric 
oxide,  trace;  lime,  trace;  masnieeia,  0.245  per  cent. 
'Op.  cit.,p.  86. 
/Op.  cit.,  p.  92.  • 

No.  41. — Tyhawk's  quarry,  1  mile  east  of  Black  Lick  Station,  Indiana  County 
(main  bench):  Compact;  bluish  gray:  irregular  fracture. 

No.  42. — A.  Gorman's  quarry,  2  miles  southwest  of  Smithport,  Indiana  County 
(upper  portion):  Hard  and  tough,  with  rough,  irregular  fracture  and  pearl-gray 
color;  emits  a  strong  argillaceous  odor  when  breathed  upon. 

No.  43.— A.  Gorman's  quarry,  2  miles  southwest  of  Smithport,  Indiana  County 
(lower  portion):  Hard  and  tough,  with  irregular  fracture  and  bluish-gray  color: 
emits  a  strong  argillaceous  odor  when  breathed  upon;  thickness  in  this  quarry,  10 
feet,  with  three  thin  clay  x>artiiigs. 

No.  44.— N.  B.  Lane's  property,  1  mile  southeast  of  Brock  way  ville,  Jefferson 
County:  Hard  and  tough;  argillaceous:  more  or  less  stained  with  iron  oxide;  color, 
generally  dark  gray. 

No.  45. — John  ller's  property,  1  mile  northwest  of  Perrysville,  Jefferson  CJounty: 
Rather  hard  and  tough;  fracture  irregular,  rough;  dark  "bluish  gray. 

No.  46. — M.  Davis's  limestone,  1  mile  southeast  of  Cochrans  Mills,  Armstrong 
County  (outcrop  specimen). 

No.  47.— George  S.  Putney's  limestone  at  Putney  ville.  Armstrong  County: 
Rather  coarse  grained;  hard  and  tough;  bluish  gray;  irregularly  stained  with  car- 
bonaceous matter. 

No.  48. — J.  C.  McAllister's  farm,  Horton  township.  Brandy  Camp  i)ost-office, 
.  JSlik  County:  Appearance  sandy;  rather  course  grained;  very  hard  and  tough; 
Ught  blaish  gray. 
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LOWER  FREEPORT  LIMESTONE. 

In  chemical  composition,  appearance,  and  other  characteristics, 
this  limestone  is  almost  the  exact  counterpart  of  the  Johnstown  lime- 
stone. It  is  the  most  variable  limestone  of  the  Allegheny  formation, 
being  uncertain  both  in  thickness  and  in  quality.  It  is  reported  at 
many  points,  but  probably  is  not  persistent  for  long  distances,  and  is 
not  known  to  have  anywhere  a  greater  thickness  than  5  feet. 

Analyses  of  Lower  Freeport  limestone  from  Indiana,  Jefferson,  and  Elk  coun- 

ties,  Pa, 


No.  49.« 


Insoluble  residue 5. 502 

Calcium  carbonate  (CaCOj) 82. 821 

Magnesium  carbonate  (MgCO,) ]    8. 021 

Alumina  ( Al^O,) - 

Ferric  oxide  (FejOj) 


I}. 


630 


No.  50.ft 


No.  61.C 


8.210  I     8.400 

88.232     87.085 

1.371  !     1.558 


No.  52.  c 


2.070 

92. 857 

1.680 


Sulphur 

Phosphorus 


.102 
.017 


r.  960       2. 170        2. 320 

.048 
.017 


.057 


.019 


No  53.^/  ,   No.  54.  «• 


No.  65.e 


No.  S6.' 


Insoluble  residue 

Calcium  carbonate  (CaCOg) 

Magnesium  carbonate  (MgCOs) 

Alumina  (Al^Os) 

Ferric  oxide  (Fe,Os) 

Phosphorus 


6.311 
36 
.015 


\  2.7 


21.250 

13. 680 

6. 540 

57.321 

69.357 

81 . 875 

8. 854 

9.308 

7.189 

'  7.940 

4.835 

2. 750 

.038 

.077 

.066 

* 

a  Vol.  M2,  p.  293.  rf  Op.  cit,  p.  86. 

b  Vol.  H4,  p.  228;  analysis  by  A.  8.  McCreath.  *•  Op.  cit.,  p.  91. 

'•Vol.  M3,  p.  88. 

No.  49. — P.  Brown's  quarry,  4^  miles  northeast  of  Blairsville,  on  Cambria  and 
Indiana  pike,  Indiana  County:  Compact,  brittle;  bluish  gray;  irregular  fracture. 

No.  50. — S.  Palmer's  quarry,  three-fourths  of  a  mile  north  west  of  Deckers  Point. 
Indiana  County:  Irregularly  seamed  with  white  crystalline  calcium  carbonate: 
exceedingly  brittle;  rough  irregular  fracture  and  bluish-gray  color. 

No.  51.— N.  B.  Lane's  property,  1  mile  southeast  of  Brockwayville,  Jefferson 
County:  Fine  grained,  hard,  and  brittle:  brownish  gray. 

No.  52.— Evans  Round  Top,  one-half  mile  east  of  Corsica,  Jefferson  County: 
Fine  grained,  hard,  and  brittle;  brownish  gray. 

No.  53. — Three  miles  northeast  of  Reimersburg,  Toby  Township,  Clarion  County: 
Very  hard  and  tough:  mottled  and  stained  with  ferric  oxide;  generally  bluish  gray. 

No.  54.— T.  Fox's  farm,  Horton  Township,  Mead  Run,  three-fourths  mile  north 
of  Brockport,  Elk  County:  Fine  grained  and  brittle;  fracture  subconchoidal,  blu- 
ish gray;  known  as  *'  K  limestone." 

No.  55.— J.  C.  McAllister's  farm,  Horton  Township,  Elk  County:  Rather  fine 
grained  and  brittle;  fracture  subconchoidal;  bluish  gray;  known  as'*  K  limestone.'' 

No.  56. — J.  S.  Chamberlain's  farm,  Horton  Township,  Brandy  Camp  Creek.  \\ 
miles  south  of  Brandy  Camp  post-office.  Elk  County:  Rather  fine  grained  and 
brittle;  conchoidal  fracture;  light  blnish  gray. 
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UPPER  FREEPORT  LIMESTONE. 

Although  probably  not  persistent  over  large  areas,  this  bed  is  of 
considerably  greater  importance  than  the  preceding  one.  It  is 
known  to  be  present  at  a  great  number  of  points  throughout  the  Alle- 
gheny Valley.  Usually  it  is  less  than  6  feet,  but  occasionally  swells 
to  much  greater  thickness,  as  in  the  ravine  of  Fort  Run,  near  Manor- 
ville,  in  Armstrong  County,  where,  with  its  interstratified  beds,  it  is 
nearly  28  feet  thick  and  has  been  extensively  quarried  by  A.  J.  Dull 
A  Co.     The  Second  Survey  reports  the  following  section  at  this  place : 

Section  of  Upper  Freeport  limestone  near  ManorviUey  Pa,^  • 

Pt.  In. 

I.Limestone 1  8 

2.  Clay 0  8 

3.  Limestone,  impure 1  0 

4.  Slate .    2  2 

6.  Limestone 4  5 

6.  Clay  slate  and  impure  limestone 2  5 

7.  Limestone,  dark  colored 2  2 

8.  Slate  and  impure  limestone 3  2 

9.  Limestone 2  10 

10.  Slate  and  clay 1      3  . 

11.  Limestone, <»dled  **  glassy  layer  " .    2      7 

12.  Limestone 4      0 

Total _ 27    11 

Benches  numbered  5,  9,  and  11  of  this  section  have  been  analyzed, 
with  the  following  results: 

Analyses  of  Upper  Freeport  limestone  from  near  Manorvill  \  Pa,<' 


No.  67. 


Insoluble  residue 4. 830 

Calcium  carbonate  (CaCOa) 89.303 

Magnesium  carbonate  (MgCOj) 1. 900 

Alumina  ( AljOs) 

Ferric  oxide  (Fe^Oa) 

Phosphorus I      .  021 


I  2.002 


No.  58. 

7.310 

82.589 

5. 751 

3.867 

.063 


No.  89. 


4. 520 

89.857 

2.898 

1.860 

.017 


a  Vol.  H5,  p.  257;  analyses  by  McCreath. 

No.  57.— Bench  No.  5:  Very  compact  and  fine  grained;  dark  pearl  gray;  con- 
choidal  fracture. 

No.  58. — Bench  No.  9;  Fine  grained,  hard,  and  tough;  somewhat  argillaceous; 
dark  pearl  gray;  conchoidal  fracture;  small  crystals  of  pyrite  throughout  the 
section. 

No.  50. — ^Very  compact  and  fine  grained;  slightly  mottled  with  calcite;  pearl 
gray;  conchoidAl  fracture. 


iVol.  H5,  P.2S6. 
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Between  Manorvllle  and  Eellys  Station,  in  the  vicinity  of  Logans- 
port,  the  stone  has  been  extensively  quarried  in  the  psLSt  for  use  as  a 
flux,  for  which  purpose  it  is  well  suited.  It  is  also  supposed  to  be  a 
good  limestone  for  use  as  a  Portland-cement  material. 

The  following  section  is  reported  from  Mahaffey's  quarry,  Logans- 
port: 

Section  of  Upper  Freeport  limestone  at  Logaiisport,  PaJ^ 

Ft.    In. 

1.  Limeetone .   1      7 

2.  Limestone,  impure 0      8 

8.  Limestone 2      4 

4.  Limestone,  impure. 0  10 

5.  Clay  and  slate 1  3 

6.  Limestone,  impure 0  7 

7.  Limestone, '* glassy  layer'' 5  6 

Total 12      9 

Analyses  from  benches  1,  4,  and  7  of  this  section  give  the  following 
percentages: 

Analyses  of  Upper  Freeport  limestone  from  Logansport,  Pti.« 


No.  60. 


Iiisolnble  residue 0. 830 

I 

Calcium  carbonate  (CaCOs) j  »6.453 

Magnesium  carbonate  (MgCO,) |    1. 445 

Alumina  (A1,0,) ] 

FV)rric  oxide  (Fe,0,) I 

I 

Phosphorus I      .  007 


.964 


No.  61. 


2.200 

93. 214 

2.065 


No.  62. 


3.170 

93. 571 

1.324 


1.340         1.207 


.004 


.029 


oLoc.  cit.;  analyses  by  McCreath. 

No.  60. — Bench  No,  1:  Fine  grained  and  brittle;  dark  pearl  gray. 
No.  61.— Bench  No.  4:  Fine  grained  and  tongh;  dark  pearl  gray. 
No.  62. — Bench  No.  7:  Very  compact  and  fine  grained;  hard  and  tough;  light 
pibarl  gray;  conchoidal  fracture. 

It  was  formerly  quarried  for  flux  by  the  Kittanning  Iron  and  Steel 
Manufacturing  Company,  but  owing  to  the  greater  cost  of  quarrying 
than  the  Vanport,  its  use  has  been  discontinued. 

At  several  other  points  in  Armstrong  County  workable  thicknesses 
are  reported  by  the  Second  Survey,  and  the  following  analyses  have 
been  made,  showing  the  stone  to  be  of  fair  quality  for  flux  and 
cement. 


^Loc.  cit. 
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Anaiysea  of  Upper  Freeport  limestone  from  Armstrong  County ^  Pa. 


Insolnble  residne 1.850 

Calcium  carbonate  (CaCX),) 94.642 

Magnesiiim  carbonate  (MgCOg) 1. 574 

Alumina  ( A1,0,) 

Ferric  oxide  (Fe,0,) 

Phosphoroa I      .  012 


No.  63.a 


}■• 


182 


No.  64.a 


1.920 

94.928 

1.210 

1.246 

.018 


No.  66.a 


5.030 

88.889 

1.513 

2.557 

.021 


No.eefr. 


9.520 

84.857 
1.868 

2.568 

.024 


a  Vol.  M3,  p.  84..  b  Op.  cit.,  p.  88. 

No.  68. — S.  Monroe's  quarry,  2  miles  southwest  of  Slate  Lick:  Fine  grained; 
tough;  dark  pearl  gray. 

No.  64. — William  Marshall's  quarry,  one-half  mile  east  of  Dayton:  Fine  grained; 
tough,  mottled  with  calcite;  dark  gray;  fracture  conchoidal. 

No.  66. — W.  R.  Hamilton's  land  near  coal  mine  1^  miles  north  of  Putneyville: 
Fine  grained;  tough;  dark  gray. 

In  Indiana  County  a  thickness  of  10  feet  is  reported  at  Groft 
Brothers'  quarry  near  Chambersville,  where  it  has  been  worked  in 
the  past;  at  Goods  Mill  on  Little  Mahoning  Creek;  at  the  Dick  farm 
on  Two  Lick  Creek,  and  possibly  at  several  other  localities.  Usually, 
however,  the  thickness  is  considerably  less  than  10  feet. 

Analyses  of  Upper  Freeport  limestone  from  hidiana  County,  Pa. 


No.  67.a 


Insoluble  residue 9. 150 

Calcium  carbonate  (CaCO,) 84. 407 

Magnesium  carbonate  (MgCOj) 2. 800 

Alumina  (Al^Os) 

Ferric  oxide  (FeaOj) 

Sulphur - 

Phosphoms    .  _  


} 


2.120 

.188 
.018 


No.  e».b 

No.  89.0 

No.  TO.d 

6.021 

27.280 

14.980 

84.125 

54.768 

72.264 

5.198 

8.627 

6.493 

3.220 

6.930 

4.190 

.078 

.112 

.068 

.014 

.017 

.029 

No.  Tl.d 

5.430 

89. 821 

1.801 

1.700 

.133 
.027 


a  Vol.  H4,  p.  254;  analysis  by  McCreath. 
«>Vol.  M2,p.892. 


''Vol.  H4,  p.  179;  analysis  by  A.  S.  McCreath. 
rf  Vol.  M2,  p.  292. 


No.  67. — Groft  Brothers'  quarry,  1  mile  east  of  Chambersville:  Compact;  brit- 
tle; dark  bluish  gray;  irregular  fracture. 

No.  68. — Rev.  S.  Brown's  quarry,  1^  miles  southwest  of  Five  Points:  Compact; 
brittle;  sparkles  with  calcite;  bluish  gray;  subconchoidal  fracture. 

No.  69. — C.  Livengood's  quarry,  3  miles  southeast  of  Blairsville:  Compact; 
brittle;  bluish  gray;  irregular  fracture;  sparkles  with  calcite;  strong  argillaceous 
odor;  thickness,  3  feet  or  more. 

No.  70.— D.  R.  Griffith's  quarry,  U  miles  southeast  of  Homer:  Compact;  brittle; 
dark  bluish  gray;  irregular  fracture;  strong  argillaceous  odor. 

No.  71. — S.  C.  Hazlett's  quarry,  2  miles  north  of  Jacksonville:  Compact;  brittle; 
bltdsh  gray;  subconchoidal  fracture. 
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In  Jefferson  County  the  limestone  is  occasionally  reported,  but  its 
greatest  known  thickness  is  only  6  to  8  feet.  It  has  been  burned  on 
a  very  limited  scale  for  enriching  the  soil. 

AncUysea  of  Upper  Freepori  limestone  from  Jefferson  County  ^  Pa,o 


Insoluble  residue 

Calcium  carbonate  (CaCOs)  ... 
Magnesium  carbonate  (MgCOt) 

Alumina  (AljOj) -  - 

Ferric  oxide  (Fe,Os) 

Phosphorus    _ 


No.  72. 


3.130 

91.875 

2.421 

I  1.312 

.012 


No.  78. 


6.770 

88.928 

1.589 

1.740 

.023 


No.  74. 

No.  75. 

6.170 

16.660 

89. 107 

48.571 

1.611 

23. 762 

2.140 

7.250 

.024 

.032 

No.  76. 

3.480 

90.000 

2.860 

1.285 

.011 


aVol.  M8,p.  88. 

No.  72. — Property  of  D.  Hopkins,  2  miles  northeast  of  Frostburg:  Very  fine 
grained;  brittle;  mottled  with  calcite;  pearl  gray. 

No.  73. — Property  of  A.  Hoffman,  2  miles  northeast  of  Woodville:  Fine  grained; 
brittle;  mottled  with  calcite;  pearl  gray. 

No.  74. — N.  B.  Lane's  property,  1  mile  southeast  of  Brock  wayville:  Finegrained; 
brittle:  sparkles  with  calcite;  generally  pearl  gray. 

No.  75. — John  Iler's  property,  1  mile  northwest  of  Perrysville  (upper  bench): 
Hard  and  tough;  appearance  sandy;  fracture,  irregular;  color,  light  pearl  gray. 

No.  76. — John  Iler's  property,  1  mile  northwest  of  Perrysville  (lower  bench): 
Rather  fine  grained:  comparatively  brittle;  mottled  with  calcite;  bluish  gray. 

In  Elk  and  Clarion  counties  the  limestone  is  not  well  known,  but 
a  general  idea  of  its  character  may  be  gained  from  the  following 
analyses: 

Analyses  of  Upper  Freeport  limestone  from  Elk  and  Clarion  counties.  Pa. 


Insoluble  residue 

Calcium  carbonate  (CaCOs)  _ . . 
Magnesium  carbonate  (MgCOs) 

Alumina  ( Al,Os) 

Ferric  oxide  (FejO.,) 

Phosphorus 


No.  n.a 

No.  78.ft 

12.290 

5. 320 

80. 357 

82. 678 

1.619 

8.248 

1  3.610 

1.365 

.086 

.022 

No.  79.«> 

1,800 

93.803 

2.270 

.765 

.008 


«Vol.  M8,p.91. 


fcOp.  clt.,p.86. 


No.  77.— J.  S.  Hyde's  farm,  Horton  Township,  1  mile  south  of  Brandy  Camp 
post-office  on  Brandy  Camp  Creek,  Elk  County:  Rather  coarse  grained;  brittle; 
fracture  irregular;  light  bluish  gray. 

No.  78.  — Reichert*s  quarry,  Perry  Township,  Clarion  County:  Rather  fine 
grained;  mottled  with  calcite;  dark  pearl  gray. 

No.  79.— New  Athens,  Madison  Township,  Clarion  County:  Rather  fine  grained; 
mottled  and  seamed  with  calcite;  dark  gray. 
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Summarizing,  it  may  be  said  for  the  Upper  Freeport  limestone  that, 
while  of  very  irregular  occurrence,  it  is  frequently  of  workable  thick- 
ness, and  nearly  always  contains  a  fairly  high  percentage  of  lime,  low 
percentage  of  magnesia,  and  low  percentage  of  phosphorus,  render- 
ing the  product  suitable  for  Portland  cement,  flux,  or  fertilizer. 

LIMESTONES  OF  THE  CONEMAUGH  FORMATION. 

Between  the  Upper  Freeport  and  Pittsburg  coal  beds  no  persistent 
bed  of  limestone  is  known,  although  the  impure  Ames  bed  is  present 
at  scattered  points  throughout  the  western  portion  of  the  valley,  and 
the  Pittsburg  limestone  occurs  on  a  few  of  the  hilltops  in  the  south- 
ern part  of  Indiana  and  Armstrong  counties  and  northern  Westmore- 
land County.  A  specimen  from  A.  H.  Fulton's  quarry,  in  the  latt-er 
bed  at  West  Lebanon,  shows  the  following  composition : 

Analysis  of  Pittttburg  limestone  from  Indiana  Cmmtyy  Pa.^ 


No.  80. 


Insolnble  residue 10. 827 

Calcium  carbonate  (CaCO,) '  82.768 

Magnesium  carbonate  (MgCOj) 2. 875 

Alumina  (AlA)  - 1  2  gg^ 

Ferric  oxide  (Fe^O,) / 

Sulphur - -I  .156 

Phosphorus - - .011 


"Vol.  M2,p.  a». 

No.  80. — Generally  compact  and  brittle;  irregular  fracture;  bluish-gray  color; 
seamed  with  bluish -blacrk  limestone. 

Besides  the  beds  mentioned,  there  are  a  number  of  more  or  less 
local  beds  known  at  scattered  localities.  A  number  of  these  have 
been  analyzed,  but  the  following  instances  are  the  only  ones  of  which 
the  exact  stratigraphic  position  is  known : 
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Andlyaea  of  local  Umettonea  in  the  Conemaugh  formation  ^  in  Jefferson  and  Indi- 
ana counties f  Pa, 


Insolnble  reddne 

Calcitiin  carbonate  (CaCX>t) 

Magnesiam  carbonate  (MgCC^) 

Alumina  (AlaO,) 

Ferric  oxide  (Fe,0,) 

Solphnr 

Phosphoms 


No.  81  .a 

No.  Sa.a 

No.  88.a 
2.890 

9.780 

11.780 

75.357 

77.143 

92.500 

9.380 

4.691 

2.497 

} 


4.230 


8.790 


1.580 


.017 


.078 


.023 


No.  84.«» 

16.540 

65.892 

9.686 

5.710 

.292 
.016 


a  Vol.  M8,  p.  87.  b  Vol.  M2,  p.  888. 

No.  81. — Property  of  James  Smith,  2  miles  northeast  of  Big  Rnn,  Jefferson 
County;  about  125  to  150  feet  above  Upper  Freeport  coal:  Fine  grained,  rather 
hard  and  tough;  pearl  gray. 

No.  82.— Property  of  Jacob  Smith,  2  miles  north  of  Big  Bun,  Jefferson  County; 
about  150  to  175  feet  above  Upper  Freeport  coal:  Fine  grained;  rather  brittle; 
conchoidal  fracture;  irregularly  seamed  with  calcite;  dark  bluish  gray. 

No.  83.— Property  of  James  Smith,  2  miles  northeast  of  Big  Run,  Jefferson 
County;  about  200  to  225  feet  above  Upper  Freeport  coal:  Rather  coarse  grained; 
brittle;  bluish  gray. 

No.  84. — G.  M.  Doty's  quarry,  5  miles  northeast  of  Blairsville^  Indiana  County; 
about  120  feet  below  Pittsburg  coal:  Compact;  brittle:  bluish  gray;  irreg^ilar 
fracture:  sparkles  with  calcite;  emits  strong  argillaceous  odor  when  breathed 
upon. 

SEWICKLEY  LIMESTONE. 

Only  in  the  extreme  southern  part  of  Indiana  County  are  any  rocks 
of  the  Monongahela  or  Dunkard  formations  present,  and  descriptions 
given  under  the  heading  **  Monongahela  Valley"  will  in  general  apply 
to  limestones  in  these  formations  running  across  the  divide  into  Alle- 
gheny Valley.    The  following  is  an  analysis  of  the  Sewickley  limestone : 

Analysis  of  Sewickley  limestone  from  Indiana  County^  Pa. 


No  85.  n 


Insoluble  residue 

Calcium  carbonate  (CaCOj)  . . , 
Magnesium  carbonate  (MgCO,) 

Alumina  ( Al^Os) 

Ferric  oxide  (Fe^O,) 


Lur 


Sulphi 
Phosphorus 


/ 


12.160 

79.821 

3.601 

8.020 

.117 
.018 


a  Vol.  H4,  p.  ISO;  analysis  by  A.  8.  McCreath. 

No.  85. — Sewickley  limestone  from  Robert  Smith's  quarry  at  Smiths  Station, 
2  miles  northeast  of  Blairsville:  Compact;  brittle;  sparkling  with  calcite;  bluish 
gray;  irregular  fracture. 
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BENWOOD  LIMESTONE. 


The  Benwood  limestone  is  known  in  this  region  only  on  Elders 
Ridge  and  at  one  or  two  minor  localities.  On  Elders  Ridge  it  occurs 
in  several  layers  separated  by  variable  intervals  of  shale,  the  whole 
deposit  being  reported  to  be  at  least  25  feet  thick.  The  limestone  is 
reported  on  the  J.  and  R.  Smith  farms,  and  outcrops  on  several 
rounded  knobs  in  the  vicinity,  capped  by  a  thin-bedded  sandstone 
regarded  as  the  division  between  the  upper  and  lower  parts  of  the 
Benwood  limestone.  Only  fragmentary  patches  of  the  limestone  are 
preserved,  but  what  is  left  of  it  is  smooth,  light  gray,  and  nonfossil- 
iferous.  It  makes  a  strong  lime,  excellent  for  fertilizing  purposes, 
and  can  be  quarried  at.  little  expense. 

» 

BBAVBR  VALLEY. 

Under  this  head  will  be  discussed  the  few  limestones  of  Beaver, 
Butler,  and  Lawrence  counties. 

MERCER  LIMESTONES. 

In  the  *' Mercer  group,"  which  occupies  the  middle  of  the  Pottsville 
formation  and  occurs  at  an  interval  ranging  from  110  to  135  feet 
below  the  Vanport  limestone,  there  are  in  Lawrence  County  two  beds, 
known  as  the  Upper  and  Lower  Mercer  limestones.  Of  these,  the  lower 
is  the  more  persistent,  being  reported  as  almost  universally  present, 
but  is  always  thin,  with  a  maximum  thickness  of  only  1  to  3  feet.  On 
account  of  its  great  persistence  it  is  valuable  as  a  key  rock  in  the 
region. 

The  horizon  of  the  Upper  Mercer  limestone  is  20  to  35  feet  above  the 
lower  bed.  Although  not  so  commonly  present,  it  is  sometimes  of 
slightly  greater  thickness,  occasionally  as  much  as  4  feet.  Neither 
of  the  beds,  however,  can  be  considered  as  having  economic  value. 

VANPORT  LIMESTONE. 

In  Beaver  Valley,  as  in  the  Allegheny  Valley,  the  Vanport  lime- 
stone is  the  most  persistent,  thickest,  purest,  and  most  massive 
limestone  of  the  series.  Its  outcrop  is  shown  by  the  blue  line  on 
PI.  V. 

Beaver  County, — Over  southern  Butler  and  the  greater  part  of 
Beaver  the  Vanport  limestone  lies  deep  beneath  the  surface,  but 
along  Ohio  River  it  occurs  above  water  level.  It  has  a  thickness  of 
18  feet  at  Vanport,  its  type  locality,  16  feet  at  Industry,  8  feet  at 
Merrill,  and  10  feet  at  Fallston,  on  Beaver  River;  elsewhere  where 
observed  it  is  less  than  5  feet  thick,  usually  less  than  1  foot,  and  is 
sometimes  entirely  absent. 
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The  following  section  is  reported  in  Tygart's  quarry,  at  Vanport: 

Section  of  Vanport  limestone  at  Vanport,  Pa,^ 

Peet. 

Gray  limestone 7 

Shale - _  ...      1 

Gray  limestone _ 5 

Bine  limestone 5 


Total 18 

The  division  of  the  limestone  into  the  "gray"  upper  portion  and 
the  "blue"  lower  portion  is  usually  well  marked  throughout  the 
region.  In  the  firet  two  of  the  following  analyses  from  Power's 
quarry,  No.  86  is  from  the  upper  and  No.  87  from  the  middle  stratum. 

Analyses  of  Vanport  limestone  from  Poioer's  quarry,  near  Vanport,  Pa,f^ 


Insolnble  residue 

Calcium  carbonate  (CaCOg) 

Magnesium  carbonate  (MgCOs) 

Alumina  (A1,0,) 

Ferric  oxide  (Pe,Os) 

Snlphnr 

Phosphoms 


II 


No.  86. 

No.  87. 

No.  88. 

7. 080 

4.780 

4.800 

88.464 

91.607 

91.089 

1.445 

1.566 

1.587 

2.324 

1.291 

1.589 

.097 

.290 

.047 

.029 

.030 

.040 

No.  89. 

2.770 

98.482 

1.544 

1.823 

.030 
.047 


«Vol.  M2,  p.  297. 

No.  86. — Upper  stratum:  Compact,  very  brittle;  irregular  fracture;  color,  dull 
gray  and  reddish  gray. 

No.  87. — Middle  stratum :  Compact  and  tough;  8i)arkling  with  calcite;  spotted 
with  pyrites;  color,  pearl  gray  and  reddish  gray. 

No.  88. — Tygart's  quarry,  one-half  mile  below  Vanport  (lower  bench):  Hard 
and  brittle;  irregular  fracture;  sparkling  with  calcite;  color,  bluish*  gray  and 
reddish  gray. 

No.  89. — Severn's  quarry,  one-half  mile  below  Vanport  (upper  bench):  Exceed- 
ingly brittle;  irregular  fractnre;  color,  generally  reddish  gray. 


>Vol.  Q,  p.  61. 
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The  upper  of  the  two  beds  is  now  burned  extensively  at  Vanport 
for  lime,  which  is  of  high  quality  and  excellent  as  a  flux  for  iron,  for 
which  purpose  it  was  once  shipped  extensively  to  Pittsburg.  The 
lower  bed  is  usually  rejected,  but  there  is  no  known  reason  why  this 
portion  should  not  be  suitable  for  the  same  purpose.  At  the  time  of 
the  construction  of  the  Erie  and  Pittsburg  Canal  the  limestone  was 
used  in  manufacturing  natural  cement  for  the  locks. 

Laivrence  County. — In  Lawrence  County  the  Vanport  limestone  is 
very  extensively  present,  underlying  nearly  two-thirds  of  the  county. 
It  often  attains  greater  thickness  than  m  Beaver  County,  frequently 
expanding  to  15  feet,  and  sometimes  as  much  as  20  feet,  in  thickness. 
The  rock  is  extensively  quarried  for  furnace  flux  at  Newcastle,  and 
at  other  points  throughout  the  county.  One  of  the  Newcastle  quar- 
ries is  shown  in  PL  VI.  At  Wampum,  on  Beaver  River,  the  bed 
is  25  feet  thick,  and  is  quarried  by  the  Crescent  Portland  Cement 
Company,  which  manufactures  a  cement  of  superior  quality.  The  fol- 
lowing analyses  of  stone  from  the  upper,  middle,  and  lower  strata 
were  made  for  the  company  : 

Analyses  of  Vanport  limestone  from  Wampum,  Pa.o 


Lime  (CaO) 

Magnesia  (MgO) 

SiHca  (SiO,) I      4.50 

Alumina  ( A1,0,) 

Ferric  oxide  (Fe,Os) 

Manganons  oxide  (MnO) 

Solphnr . .   

Phosphoric  oxide"  (P2O5)  .    

Carbon  dioxide  (CO,)- 40.54 

Water  and  organic  matter 


No.  90. 

No.  91. 

2»49.81 

<J50.16 

«.75 

/.42 

4.50 

4.14 

.21 

.21 

1.77 

1.77 

.20 

1.20 

.06 

.20 

.07 

.05 

40.54 

39.87 

2.59 

2.08 

No.  90.- 
No.  91. 
No.  92. 


«  Vol.  Q2,  p.  107;  analyRia  by  Robertson  Brothers,  of  Pittsburjf. 
*»  (Corresponds  to  approximately  87.90  per  cent  of  GaCOs. 
c  Corresponds  to  approximately  89.56  per  cent  of  CsCOj. 
<'Ck>rre8ponds  to  approximately  92.9B  per  cent  of  CsCX)^. 
•  Ck>rresponds  to  appi*oximately   1.57  per  cent  of  M^GOs. 
/  (Corresponds  to  approximately  0.88  per  cent  of  MgCO^. 
0  Corresponds  to  approximately  0.90  per  cent  of  MgCOs. 

-Upper  portion. 
-Middle  portion. 
-Lower  portion. 


No.  98. 

rf52.04 

17.48 

2.31 

.24 

1.18 

.22 

.17 

.04 

41.72 

1.65 
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Following  are  other  analyses  from  Lawrence  County: 


Analyses  of  Vanport  limestone  from  Lawrence  County,  Pa, 


Insolnble  residue 

Calcium  carbonate  (CaCO,) 

Magnesium  carbonate  (MgOOs) 

Alumina  ( AlaO,) 

Ferric  oxide  (Fe,Oj) 

Sulphur .128 

Phosphorus 


8.070 

98.840 

1.460 


}•• 


568 


.047 


1  970 

95. 768 

1.097 

.632 

.088 
.017 


2.080 

94. 785 

1.869 

:.187 

.128 
.032 


2.790 

94.214 

1.732 

.805 

.165 
.020 


No.  93. — Green's,  Marquis's,  and  Johnson's  quarries  near  Newcastle,  Lawrence 
County:  Compact,  brittle;  sparkling  with  calcite;  bluish  gray  and  pearl  gray; 
irregular  fracture. 

No.  94. — McCord's  quarry,  3  miles  northwest  of  Mount  Jackson,  North  Beaver 
Township,  Lawrence  County:  Compact,  brittle;  sparkling  with  calcite:  pearl 
gray;  irregular  fracture. 

No.  95.— Moffit's  quarry,  2  miles  north  of  Croton,  Lawrence  County:  Compact, 
brittle;  sparkling  with  calcite;  bluish  gray  and  pearl  gray:  irregular  fracture. 

No,  96. — J.  K.  Shinn  &  Bros.'  quarry  near  Wampum,  Big  Beaver  Township, 
Lawrence  County:  Compact,  brittle;  sparkling  with  calcite;  bluish  gray. 

LOWER  FREEPORT  LIMESTONE. 

This  limestone  is  known  only  occasionally  in  the  region.  On  Elk- 
horn  Run,  in  Beaver  County,  it  has  a  thickness  of  5  feet;  at  Beaver 
Falls,  of  3  feet;  in  Bradys  Run,  of  5  to  8  feet;  on  Island  Run  of 
5  feet;  and  in  South  Beaver  Township,  of  4  to  9  feet  South  Beaver 
is  supposed  to  be  the  only  township  in  which  it  has  been  burned.  No 
analyses  are  known  to  have  been  made. 

UPPER  FREEPORT  LIMESTONE. 

Like  the  Lower  Freeport  limestone,  this  is  irregularly  present  in  the 
region.  It  sometimes  appears  only  as  nodules,  is  nearly  always  very 
thin,  and  is  absent  over  large  areas.  In  South  Beaver  Township,  in 
Beaver  County,  and  possibly  in  Lawrence  County,  it  has  been  burned 
for  lime.  The  following  are  the  maximum  thicknesses  observed  in 
Beaver  County — 5  feet  at  Monaca,  5  feet  at  a  point  4  miles  east  of  New 
Brighton,  4  feet  on  Raccoon  Creek,  5  to  7  feet  on  Island  Run,  and  0 
to  8  feet  in  South  Beaver  Township.  In  Lawrence  County  nothing  is 
known  of  the  limestone  except  that  at  several  points  it  is  said  to  range 
from  5  to  10  feet  in  thickness.     No  analyses  are  known. 


iVol.  M2,  p.  287. 
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AMES  LIMESTONE. 

Several  beds  exist  in  the  Conemaugh  formation,  but  all  are  thin 
and  of  little  or  no  value.  The  most  persistent  bed  is  the  Ames  lime- 
stone (Crinoidal),  an  impure  and  very  fossiliferous  bed  averaging  230 
feet  below  the  Pittsburg  coal.  The  rock  is  oftea  entirely  composed 
of  crinoid  stems  and  spines  and  other  fossils  closely  packed  together, 
forming  a  limestone  unlike  any  other  Carboniferous  bed.  This  bed, 
on  account  of  its  dark  bluish-gray  or  greenish-gray  color  and  peculiar 
fossiliferous  appearance,  is  an  excellent  reference  datum  over  wide 
areas.  It  is,  however,  of  no  economic  value,  being  difficult  to  burn, 
and  is  seldom  used  even  for  fertilizer.  In  thickness  the  bed  ranges 
up  to  about  6  feet,  and  is  occasionally  double. 

ALLEGHENY  MOUNTAINS. 

The  greater  part  of  this  region,  including  Clearfield,  Cambria,  and 
Somerset  counties,  is  underlain  by  the  Coal  Measures,  which  have 
their  eastern  limit  along  the  Allegheny  Front,  near  the  boundary  of 
Blair  and  Bedford  counties.  East  of  this  line  the  rocks  have  been 
eroded  in  places  as  deep  as  the  Ordovician  formations,  while  to  the 
west  all  horizons  are  exposed  from  the  Mauch  Chunk  to  the  base  of 
the  Monongahela  formation.  Only  the  region  west  of  the  main 
mountain  crest  will  be  considered  in  this  report. 

Of  the  limestones  of  this  district  very  little  is  known,  only  small 
areas  having  been  covered  by  the  present  survey.  From  what  has 
been  seen  the  limestones  seem  to  be  of  comparatively  little  value. 
Following  are  the  most  important  features  in  regard  to  the  several 
beds: 

LOYALHANNA  LIMESTONE. 

This  bed  is  well  shown  along  the  Pennsylvania  Railroad,  wherever 
its  horizon  is  exposed,  at  points  from  Blairsville  to  the  Allegheny 
Front,  above  Altoona.  It  is  easily  identified  by  its  peculiar  weather- 
ing, which  is  well  shown  in  PI.  VII,  A.  This  is  reproduced  from  a 
photograph  taken  at  the  *' Viaduct,"  1  mile  east  of  Mineral  Point, 
Cambria  County.  It  is  equally  well  shown  at  Allegrippus,  just  above 
the  Horseshoe  Curve  (PL  VII,  i?),  and  where  Laurel  Hill  and  Chestnut 
Ridge  are  cut  by  the  Conemaugh  west  of  Johnstown.  Near  the  last- 
named  place  it  is  quarried  extensivel}"^  and  crushed  for  railroad  ballast. 

JOHNSTOWN  LIMESTONE. 

This  is  the  "cement  bed"  of  the  Pennsylvania  reports,  so  called 
because  it  was  once  quarried  for  natural  cement.*  In  this  region  it 
was  earlier  known  as  the  Ferriferous  limestone,  being  confused  with 
the  Yanport  bed,  which  exists  farther  west.    Allowance  for  this  mis- 

^  See  analyBis  No.  40,  p.  28. 
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taken  correlation  must  therefore  be  made  when  consulting  the  Cam- 
bria and  Indiana  counties  reports.  In  Clearfield  County  the  Johns- 
town limestone  is  almost  or  quite  unknown,  but  throughout  the 
greater  part  of  Somerset  and  Cambria  it  is  supposed  to  be  nearly 
always  present  where  its  horizon  outcrops,  and  in  Somerset  is  a  fairly 
good  key  rock.  Usually  it  is  a  compact,  brittle,  bluish-gray  limestone, 
with  a  probable  maximum  thickness  of  from  6  to  8  feet.  Generally 
it  contains  high  percentages  of  magnesia,  iron,  alumina,  and  silica,  as 
shown  by  the  following  analyses  from  various  points  in  Somerset 
County: 

Analyses  of  Johnstown  limestone  from  Somerset  County,  Pa, 


No.  W.a 


Insolnble  residne 

Calcinm  carbonate  (CaCOs) 

Magnesinm  carbonate  (MgCOj) 
Manganons  carbonate  (MnCOa) . 

Ferrous  carbonate  (PeCOs) 

Alumina  (Al^O^) 

Snlphnr 

Phosphoms 

Carbonaceons  matter 


3.950 

92.208 

1.483 

Trace. 

1.167 

.359 

.097 

.018 

.550 


No.  98.6 


12.020 

54.821 

28.088 

Trace. 

8.492 

1.626 

.127 

.051 

.980 


No.  90.a 


10.760 

69.264 

13. 773 

Trace. 

4.739 

.403 

.106 

.047 

.590 


No.  100.O 


17. 770 
52.940 
16.060 


5.800 

4.440 

.088 

.058 


No.l01.rf 


3.850 

90.544 

2.134 


1.503 
.261 
.464 
.013 


Insoluble  residue - . 

Calcium  carbonate  (CaCO,)  . . . 
Magnesium  carbonate  (MgCOg) 

Ferrous  carbonate  (FeCOs) 

Alumina  ( AljOj) 

Sulphur - - 

Phosphorus 


No.  lOSt.e 


13.360 
50.160 
18. 494 


}"■ 


600 


.153 
.120 


No.  108  J 


4.970 
79. 478 
10.222 

3. 693 

.168 
.034 


No.  104.»   No.  lOS.d 


5.640  6.040 

88,139  I  86.778 

1.854  2.908 

1.798 

340 

.357  I  .166 

.028!  .137 


f  1.798  k 
I    .340  |/^- 


972 


No.  106.* 


24^780 

63.969 

4.244 

4. 893 
.142 


«Vol.H8, 
^Loc.  cit. 
<?Op.  cit., 
dVol.M2, 
«Vol.H8, 
/Op.  dt., 
a  Op.  cit., 
*  Op.  cit.. 


p.  231:  analysis 
;  analysis  by  D. 
p.  146. 

p.  206;  analysis 
p.  134;  analysis 
p.  2SSt;  analysis 
p.  128;  analysis 
p.  166;  analysis 


by  A.  8.  McCreath. 
McCreath. 

by  D.  McCreath. 
by  D.  McCreath 
by  D.  McCreath. 
by  A.  S.  McCreath. 
by  D.  McCreath. 


No.  97. — J.  W.  Beam's  quarry  at  Jenner  Crossroads  (upper  bench) :  Compact 
brittle;  fine  grained;  bluish  gray. 

No.  98.— J.  W.  Beam's  quarry  at  Jenner  Crossroads  (middle  bench) :  Hard 
brittle;  bluish  gray. 

No.  99.— J.  W.  Beam's  quarry  at  Jenner  Crossroads  (lower  bench);  Compact 
brittle;  bluish  gray. 
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No.  100. ~D.  Rodger's  qtiarry  on  Hnskins  Run,  Shade  Township:  Hard;  rather 
sandy;  blnish  gray. 

No.  101.— Trevorrow's  qnarry,  near  Davidsville:  Very  brittle;  fine  grained; 
blnish  gray. 

No.  102. — J.  Weaver's  qtiarry,  abont  three-fourths  mile  west  of  Scalp  Level: 
Compact;  blnish  gray:  mnch  coated  with  iron  oxide. 

No.  103.— J.  J.  Pile's  qnarry,  near  Spiesville,  on  Qnemahoning  Creek:  Com- 
pact; brittle;  blnish  gray. 

No.  104. — ^Wilt's  qnarry,  near  Stoystown:  Compact;  fine  grained;  blnish  gray. 

No.  105.— Reitz's  qnarry,  li  miles  sonth-sontheast  of  Friedenbnrg:  Hard;  pom- 
pact;  blnish  gray. 

No.  106.— Zimmerman's  qnarry,  8^  miles  southeast  of  Somerset:  Compact; 
sandy;  blnish  gray;  thickness  over  6  feet. 

Of  these  analyses  it  will  be  noticed  that  the  first  three  are  from 
different  benches  in  the  same  quarry.  The  marked  difference  in 
composition  illustrates  the  statement  already  made  that  several 
analyses  from  different  portions  of  the  bed  should  be  made  in  order 
to  obtain  a  correct  idea  of  its  quality. 

FBEEPORT  LIMESTONES. 

Neither  of  the  Freeport  beds  is  of  importance  in  the  region, 
although  they  are  known  to  be  frequently  present,  and  at  a  few 
points  have  been  opened  by  farmers.  The  greatest  known  thickness 
is  at  the  east  end  of  the  west-bound  tunnel  of  the  Pennsylvania  Rail- 
road at  Gallitzin,  where  the  following  section  of  the  Upper  Freeport 
limestone  has  been  measured. 

Section  of  Upper  Freeport  limestone  at  Gallitzin y  Pa, 

Ft.  In. 

Limestone .. 2  9 

Shale 0  9 

Limestone 2  4 

Shale... 0  8 

Limestone - 2  0 

Shale.. 0  7 

Limestone  with  shale  partings 5  6 

Shale... 1  10  • 

Limestone 2  8 

Total J .  18      8 

At  a  small  opening  2  miles  east  of  Ashville,  in  Cambria  County,  a 
bed  supposed  to  be  one  of  the  Freeport  limestones  has  been  observed 
to  be  over  6  feet.  An  entire  thickness  of  over  15  feet  is  reported 
at  this  point,  but  the  truth  of  the  statement  can  not  be  vouched  for. 
On  the  land  of  Dan  Caldwell,  1  mile  northwest  of  Glen  Hope,  in 
Clearfield  County,  the  Upper  Freeport  limestone  has  been  burned  in 
the  past,  and  a  sample  from  this  locality  showed  the  following  compo- 
sition: 
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Analysis  of  Upper  Freeport  limestone  from  near  Olen  Hope^  Pa,*' 


Insoluble  residue 

Calcinm  carbonate  (CaCOj) 

Magnesium  carbonate  (MgCOj) 

Sulphur 

Phosphorus 


No.  107. 


2.070 
93.810 

1.710 
.053 
.008 


aVol.  H,  p.  106. 

At  a  few  other  points  the  beds  have  been  burned  locally  for  agri- 
cultural purposes. 


LIMESTONES  OP   THE   CONBMAUGH  ANl?    MONONQAHELA  FORMATIONS. 

Throughout  the  Conemaugh  formation  limestone  beds  are  numer- 
ous, but  are  always  thin,  and  can  never  be  traced  for  long  distances. 
In  Cambria  County  the  best-known  exposures  occur  along  the  Penn- 
sylvania Railroad  cuts  in  the  Wilmore  basin  between  Summerhill 
and  Munster,  in  which  region  beds  up  to  6  and  10  feet  in  thickness 
have  been  observed,  but  are  never  known  to  be  persistent.  The 
majority  of  these  beds  occur  in  an  interval  about  300  to  400  feet  above 
the  Upper  Freeport  coal. 

Elk  Lick  limestone. — This  bed  of  limestone  attains  considerable 
prominence  in  Somerset  County.  It  occurs  from  200  to  240  feet  below 
the  Pittsburg  coal,  and  in  its  best  development  reaches  a  thickness 
of  12  feet.  This  limestone  has  not  been  studied  by  the  present  sur- 
vej%  but  the  Second  Survey  reports  it  as  of  a  light-gray  color,  often 
tinged  with  buff.  At  a  quarr}''  three-fourths  of  a  mile  north  of  Ui*sina 
the  bed  is  said  to  be  10  feet  thick  and  to  yield  lime  of  superior 
quality.  Several  analyses  have  been  made,  which  show  the  following 
compositions : 

Analyses  of  Elk  Lick  limestone  from  Somerset  County,  Pa. 


No.  108.a 


No.  109.6    No.  110.6 


Insoluble  residue 1  3. 740 

Calcium  carbonate  (CaCOj) 90. 803 

Magnesium  carbonate  (MgCOs)     2.738 

Ferrous  carbonate  (FeCOs) - - . 

Alumina 

Sulphur .084 

Phosphorus .048 


}■• 


986 


19.800 

2.500 

55. 589 

89. 522 

14. 224 

5.327 

6.835 

1.812 

2.886 

.224 

.185 

.245 

.032 

.016 

a  Vol.  H3,  p.  250;  analysis  by  D.  McCreath. 


6Vol.  M2,  p.  291  (D.  McCreath). 
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No.  108. — Pittsburg  Ck)al.  Coke,  and  Iron  Company's  qnarry,  three-fonrths  of  a 
mile  north  of  Ursina:  Exceedingly  compact  and  fine  grained;  blnish  gray;  con- 
ehoidal  fracture;  thickness,  10  feet. 

No.  109.— Elias  Yoder's  qnarry,  1  mile  west  of  Meyersdale:  Hard;  compact; 
blnish  gray. 

No.  110. — Peter  G.  Berkey's  qnarry,  near  Jenner  Crossroads:  Compact;  blnish 
gf^y;  conchoidal  fracture. 

Pittsburg,  Redstone,  and  Setvicklsy  limestones. — Of  the  Little  Pitts- 
burg, Redstone,  and  Sewickley  limestones,  which  occur  in  a  small 
area  in  southern  Somerset  County,  little  is  known  except  from  the 
following  analyses : 

Analyses  of  limestones  from  Somerset  County^  Pa. 


No.  lll.« 


No.  Il2.b 


Insoluble  residue j  20. 660 

Calcixmi  carbonate  (CaCOs) .  -  - 64. 706 

Magnesium  carbonate  ( MgCOj) 2. 156 

Ferrous  carbonate  (FeCO,) 4. 274 

Alumina  (Al.,05) 1    1.700 

Sulphur -  - 2 .  43 1 

Phosphorus .751 


4.040 

86. 625 

6.152 


No.  118.*^  No.lU'rf 


i}'- 


825 


.093 
.023 


Carbonaceous  matter 


2.602 


11.510 

9.780 

74. 808 

69. leo 

6.734 

15.585 

5.282 

3.935 

1.548 

1.366 

.052 

.046 

.070 

.017 

I 


I 


"Vol.  H3,  p.  75;  analysis  by  A.  S.  McCreath. 
^Vol.  M2,p.  289. 


f-Vol.  Hd,  p.  92;  analysis  by  D.  McCreath. 
''Vol.  M2.  p.  287;  analysis  by  D. McCreath. 


No.  111. — Little  Pittsburg  limestone,  from  S.  S.  Flickinger's  quarry,  2\  miles 
north  of  Salisbury:  Comx)act,  very  brittle;  structure  somewhat  slaty;  color,  dark 
bluish  gray;  carries  considerable  coaly  matter  and  much  pyrite. 

No.  112. — Redstone  limestone,  from  M.  J.  Beechy's  quarry,  2\  miles  southwest 
of  Salisbury:  Minutely  crystalline;  pearl  gray;  conchoidal  fracture. 

No.  113. — Sewickley  limestone,  J.  M.  Hayes's  quarry,  1  mile  north  of  Salisbury: 
Hard:  brittle;  bluish  gray. 

No.  114. — Sewickley  limestone,  from  Saylor  Hill  quarry,  three- fourths  of  a  mile 
west  of  Meyersdale:  Compact;  brittle;  yellowish  gray. 

PAST  AND   PRESENT  USES. 

As  a  rule  the  Carboniferous  limestones  of  Pennsylvania  are  not 
suited  for  building  stone,  but  many  of  them,  when  burned,  form 
lime  of  excellent  quality  for  agricultural,  building,  and  fluxing  pur- 
poses. The  most  widespread  use  in  the  past  has  been  as  fertilizer, 
for  which  most  of  the  beds  are  well  adapted.  The  farmers  have  long 
since  learned  this,  and  the  use  of  lime  for  this  purpose  is  probably 
more  prevalent  in  Pennsylvania  than  in  any  other  State.*    The  pro- 


^The  use  of  lime  on  Pennsylvania  soils  is  discussed  at  length  by  William  Frear  in  Boll.  Pa. 
Dept  Agric.  Ko.  61, 1900«  170  pages. 
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portion  of  farmers  using  lime  on  their  land  varies  greatly  in  different 
counties,  being  generally,  though  not  always,  dependent  on  the 
amount  of  limestone  available.  The  most  extensive  use  is  in  Greene, 
Somerset,  and  Westmoreland  counties,  where  over  75  per  cent  of  the 
farmers  use  it  to  a  greater  or  less  extent.  In  Fayette,  Cambria, 
Clarion,  and  Jefferson  it  is  used  by  50  to  75  per  cent,  in  Indiana  by 
25  to  50  per  cent,  in  Armstrong  by  a  few  farmers  only,  and  on  the 
soils  of  Washington,  Beaver,  Lawrence,  Butler,  Allegheny,  and 
Clearfield  counties  it  is  rarely  used. 

A  number  of  beds  of  limestone  are  worked  for  railroad  ballast, 
especially  the  Loyalhanna  and  Vanport.  For  this  and  other  purposes 
the  Vanport  limestone  is  extensively  quarried  at  West  Winfield,  in 
eastern  Butler  County.  At  this  place  it  is  mined  by  A.  6.  Morris 
and  ^  ^  used  for  ballast,  concrete  wot*k,  artificial  stone,  fluxing,  and  chem- 
ical purposes,  and  is  burned  into  lime."  The  Loyalhanna  limestone 
is  used  for  paving  blocks  and  is  crushed  for  ballast  on  Youghiogheny 
River  above  Connellsville,  on  Loyalhanna  Creek  above  Latrobe,  and 
on  Conemaugh  River  below  Johnstown. 

In  the  past  a  number  of.  the  beds,  notably  the  Vanport,  Johnstown, 
and  Benwood,  have  been  used  in  making  natural  cement,  which, 
among  other  purposes,  was  used  in  the  construction  of  locks  on  the 
Erie  and  Pittsburg  Canal  and  on  Monongahela  River. 

Perhaps  the  most  imi>ortant  use  of  limestone  at  present  is  in  the 
manufacture  of  Portland  cement.  For  this  cement  a  limestone  of 
high  grade  is  necessary.  The  percentage  of  magnesium  carbonate, 
especially,  must  be  less  than  5  per  cent,  the  amount  of  calcium  car- 
bonate should  be  at  least  75  per  cent,  and  the  ratio  of  silica  to 
alumina  plus  iron  should  be  as  5  is  to  2.  However,  as  this  ratio  can 
usually  be  obtained  by  mixing  with  other  raw  materials,  it  is  not 
necessary  that  the  stone  should  possess  a  composition  strictly  within 
these  limits.  Suitable  limestones  are  not  abundant  in  western  Penn- 
sylvania, but  the  Vanport  is  almost  universally  low  enough  in  mag- 
nesia, and  the  Upper  Freeport  usually  so.  The  majority  of  the  beds 
show  in  some  places  a  suitable  composition,  but  at  other  localities, 
and  often  in  the  same  quarry,  are  entirely  unsuitable.  On  account  of 
the  extensive  outcrop  of  the  Vanport  limestone  there  is  in  this  region 
a  wide  field  for  the  founding  of  new  Portland-cement  factories.  At 
present  the  only  plant  in  this  region  is  that  of  the  Crescent  Portland 
Cement  Company  at  Wampum.  In  eastern  Ohio  there  are  a  few 
plants. 
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SUMMARY. 

The  foregoing  pages  give,  in  brief,  the  extent  of  present  knowledge 
of  the  limestones  of  western  Pennsylvania.  The  economic  impor- 
tance of  the  beds  may  be  snmmarized  as  follows: 

The  limestones  of  the  Pocono  formation  are  pi'obably  of  no  value 
except  for  railroad  ballast  and  paving  blocks. 

The  Greenbrier  makes  an  excellent  lime  for  fertilizer,  and  it  has 
been  used  to  some  extent  as  a  flux. 

The  Mercer  limestones  are  usually  too  thin  to  be  of  any  value. 

The  Vanport  limestone  is  the  purest  bed  known  in  western  Penn- 
sylvania. Almost  without  exception  it  contains  a  fairly  high  per- 
centage of  lime,  low  percentages  of  magnesia,  phosphorus,  and  silica, 
and  probably  may  be  depended  upon  as  an  excellent  source  of  supplj' 
in  Portland-cement  manufacture.  It  also  furnishes  the  best  stone  for 
nearly  all  purposes  for  which  limestone  is  used. 

The  Johnstown  limestone  is  of  some  value  for  burning  into  natural 
cement,  but  is  whoUj'  unsuited  for  Portland  cement,  containing  as  it 
does  high  percentages  of  magnesia. 

The  Lower  Freei)ort  limestone  is  a  thin  bed,  variable  both  in  occur- 
rence and  in  amount  of  impurities,  and  generally  can  not  be  depended 
upon  for  economic  purposes. 

The  Upper  Freeport  limestone  is  occasionally  of  workable  thick- 
ness and  usually  of  considerable  purity.  The  majority  of  the  analyses 
show  a  small  percentage  of  magnesia,  with  about  the  right  proportions 
of  iron,  alumina,  and  silica  for  cement-making  limestone,  for  which 
purpose  it  is  available  in  certain  regions. 

The  Ames  limestone  is  of  no  economic  importance. 

The  Elk  Lick  limestone  may  he  of  some  value  in  Somerset  County, 
but  little  is  known  of  it. 

The  Pittsburg  limestone  seems  to  be  of  a  moderate  degree  of  purity, 
but  is  usually  thin  and  can  probably  be  worked  only  locaUJ^ 

The  Redstone  limestone  has  in  the  past  been  considerably  used  for 
fluxing  purposes,  but  it  appears  to  contain  too  much  magnesia  to  be 
of  value  for  Portland  cement. 

The  Sewickley  limestone  is  shown  by  the  only  known  analysis  to  be 
of  considerable  puritj^and  probably  suitable  for  cement  manufacture. 

The  Ben  wood  limestone  can  be  used  for  various  purposes,  but  its 
analyses  show  that  its  quality  is  extremely  variable. 

The  Waynesburg  limestone  is  a  bed  of  good  quality,  which  makes 
a  strong  lime.     Its  suitability  for  cement  has  not  as  yet  been  tested. 

The  Upper  Washington  limestone  is  reported  to  make  lime  of  good 
quality,  and  if  it  maintains  the  approximate  composition  shown  by  the 
only  known  analysis,  may  be  expected  to  be  available  for  cement. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Washington^  D.  C,  May  5, 190^. 

Sir  :  I  beg  to  submit  herewith  the  manuscript  and  illustrations  of 
a  report  entitled  "  The  Petroleum  Fields  of  the  Pacific  Coast  of 
Alaska,  With  an  Account  of  the  Bering  River  Coal  Deposits,"  by  Mr. 
George  C.  Martin,  assistant  geologist,  and  to  recommend  its  publi- 
cation as  a  bulletin. 

This  report  contains  the  result  of  a  hasty  examination  of  the  struc- 
tural and  economic  geology  of  the  localities  where  indications  of  pe- 
troleum have  been  found.  Though  only  a  few  wells  have  been  drilled 
and  it  is  too  soon  to  predict  an  important  future  for  the  region  as  a 
petroleum  producer,  Mr.  Martin's  studies  have  shown  that  there  is 
ample  justification  for  further  prosj>ecting  and  that  the  region  may 
yet  be  an  important  source  of  illuminating  oil.  In  this  connection  it 
is  of  interest  to  note  that  the  Bering  Kiver  coal  is  the  best  that  has  j^et 
been  found  on  the  Pacific  coast  of  North  America. 

These  coal  and  petroleum  fields  have  been  deemed  of  sufficient 
importance  to  justify  the  further  investigation  already  lK»gun,  and  it 
is  hoped  that  this,  together  with  the  commercial  development,  will 
soon  permit  of  more  definite  statements  regarding  the  economic  im- 
portance of  this  field. 

Very  respectfully, 

Alfred  H.  Brooks, 
Geologist  in  Charge  Divisian  Alaskan  Mineral  Resources. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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THE  PETROLEUM  FIELDS  OF  THE  PACIFIC  COAST 
OF  ALASKA.  WITH  AN  ACCOUNT  OF  THE  BERING 
RIVER  COAL  DEPOSITS." 


By  George  C.  Martin. 


INTRODUCTION. 

For  several  years  indications  of  petroleum  have  been  observed  at 
Cape  Yaktag,*  near  Controller  Bay,  on  the  western  shore  of  Cook 
Inlet,  and  at  many  points  on  the  Alaska  Peninsula ;  and  high-grade 
coal  has  been  known  on  Bering  River.  A  large  amount  of  capital 
has  been  invested  in  these  fields,  several  wells  having  l)een  drilled, 
many  coal  openings  made,  and  other  improvements  undertaken  and 
projected.  The  verbal  and  newspaper  reports  from  the  region  have 
been  varied  and  conflicting,  while  such  statements  as  have  l)een  pub- 
lished by  geologists  have  not  been  based  upon  their  own  observations. 
Some  of  the  petroleum  and  coal  properties  have  been  carefully  exam- 
ined by  geologists  or  mining  engineers  in  the  interests  of  the  owners, 
but  their  reports  have  not  been  made  public. 

In  response  to  a  general  demand  for  information  a  reconnaissance 
of  the  petroleum  and  coal  fields  in  the  vicinity  of  Controller  Bay  and 
Bering  River  and  of  the  petroleum  fields  on  the  west  shore  of  Cook 
Inlet  and  at  Cold  Bay  was  made  by  the  writer  during  the  months 
of  June,  July,  and  August,  1903,  and  during  the  sunnner  of  1904. 
The  following  is  a  statement  of  the  results  of  the  former  investigation 
supplemented  by  some  of  the  more  important  results  of  the  latter. 

These  fields,  though  widely  separated,  are  all  on  the  southern  coast 
of  Alaska  and,  except  the  Bering  River  coal  fields,  on  tide  water. 
The  Controller  Bay  petroleum  fields  are  near  the  mouth  of  Copper 
River,  and  the  Cape  Yaktag  fields  are  75  miles  farther  east.  The 
Cook  Inlet  fields  are  about  320  miles  west  of  Controller  Bay,  in  the 

«  See  preltmtnary  report,  Petroleum  flelds  of  Alaska  and  the  Bering  River  coal  fields : 
Boll.  U.  8.  GeoL  Surrey  No.  225,  1904,  pp.  305-382. 
» Commoxil J  spelled  Takatag  or  Yakataga. 
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middle  part  of  the  western  shore  of  Cook  Inlet,  and  the  Cold  Bay  field 
is  about  160  miles  to  the  southwest  on  the  southern  coast  of  the  Alaska 
Peninsula.  The  Bering  River  coal  fields  are  from  20  to  40  miles 
from  the  coast,  in  the  valley  of  Bering  River,  which  flows  into  Con- 
troller Bay.     (See  PI.  I.)    "^ 

All  these  regions  may  be  reached  directly  by  steamer  from  Seattle, 
except  the  Cape  Yaktag  field,  where  there  is  no  regular  steamer  land- 
ing. Controller  Bay  is  from  seven  to  nine  days'  sail  from  Seattle, 
Cook  Inlet  is  about  three  days  farther,  while  Cold  Bay  is  two  days 
l)eyond  this.  In  order  to  reach  the  Cape  Yaktag  fields  it  is  sometimes 
necessary  to  secure  a  small  boat  for  the  trip,  or  to  walk  from  Con- 
troller Bay. 

The  earliest  reference  in  print  to  the  occurrence  of  petroleum  in 
Alaska  was  by  Ivan  Petroff,"  who,  in  1882,  said :  "  In  the  vicinity  of 
Katmai  both  coal  and  petroleum  have  been  found,  but  not  abundant 
in  quantity  or  excelling  in  quality." 

Dr.  W.  H.  Dall  ^  in  1896  referred  to  the  occurrence  of  petroleum  on 
the  portage  from  Katmai.  "  The  petroleum  is  said  to  be  a  dark  lubri- 
cating oil  which  floats  on  the  surface  of  ponds  and  lakes," 

In  1898  Mr.  F.  H.  Oliphant  published  a  brief  statement  of  the 
indications  of  petroleimi  ^  in  the  Cape  Yaktag,  Controller  Bay,  and 
Cook  Inlet  regions.  Tlie  character  of  the  oil  is  described  and  a  few 
geologic  notes  are  given,  and  in  1899 ''  these  notes  were  republished. 

Mr.  G.  H.  Eldridge  published  in  1899  some  observations  on  the 
Bering  coal  field  and  on  the  Controller  Bay  and  Cape  Yaktag  oil 
fields,*^  and  in  1900  Mr.  J.  E.  Spurr^  called  attention  to  the  occur- 
rence of  coal  and  petroleum  in  the  vicinity  of  Controller  and  Icy 
bays  and  published  some  facts,  furnished  by  Mr.  F.  H.  Shepherd, 
concerning  the  geology  of  the  region  and  the  composition  of  the 
coal. 

A  brief  statement  of  the  progi'ess  of  development  was  made  by 
Mr.  F.  H.  Oliphant  f^  in  1900,  and  republished  *  in  1901. 

The  same  year  Mr.  John  Kirsopp,  jr.,'  published  an  account  of  the 
petroleum  and  coal  in  the  Controller  Bay  and  Bering  River  fields. 

"  Alaska,  its  population,  Industries,  and  resources :  Tenth  Census  of  the  United  States, 
vol.  8,  p.  87. 

"Coal  and  lignite  of  Alaska:  Seventeenth  Ann.  Rcpt.  U.  8.  Geol.  Survey,  pt.  1,  p.  700. 

«■  Petroleum,  in  Mineral  Resources  U.  S.  for  1807  :  Nineteenth  Ann.  Kept.  IJ.  S.  Geol. 
Survey,  pt.  6  (continued),  1808,  p  110. 

•*  I*etroleum,  in  Mineral  Resources  U.  S.  for  1808 :  Twentieth  Ann.  Rept.  U.  8.  Geol. 
Survey,  pt.  6  (continued),  1800,  p.  123. 

*  The  coast  from  Lynn  Canal  to  Prince  William  8ound :  In  Maps  and  E>escriptions  of 
Routes  of  Exploration  in  Alaska  In  1808 ;  a  special  publication  of  the  U.  8.  Geol.  Surrey, 
1800,  pp.  10:i-104. 

f  Spurr,  J.  E.,  A  reconnaissance  in  southwestern  Alaska  in  1808 :  Twentieth  Ann. 
Rept.  U.  8.  Geol.  Survey,  pt.  7,  1000,  pp.  263-264. 

»  Petroleum,  in  Mineral  Resources  IJ.  8.  for  1800 :  Twenty-first  Ann.  Rept  U.  8.  GeoL 
Survey,  pt.  6  (continued),  1001,  p.  167. 

*  Petroleum :   Mineral  Resources  U.  8.  for  1000,  U.  8.  Geol.  Survey,  1001,  p.  587. 

*  The  coal  fields  of  Cook  Inlet,  Alaska,  U.  8.  A.,  and  the  Pacific  coast :    Traos.  Inst 
M/n.  EDg.,  vol.  SI,  PP'  636-588,  650. 
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In  1901  Mr.  F.  C.  Schrader  and  Dr.  Arthur  C.  Spencer  *  published 
an  analysis  of  a  sample  of  coal  fiirwivShed  them  from  Bering  River, 
and  a  description  of  two  samples  of  petroleum  from  the  Controller 
Bay  region.  The  facts  in  regard  to  the  Coai  \vt?re  summarized  in  1902 
by  Mr.  Alfred  H.  Brooks,''  and  he  also  made  lef^nce  to  the  reported 
existence  of  petroleum  between  Yakutat  and  Controller  bays,  and  on 
the  west  side  of  Cook  Inlet.  A  statement  of  the  opolratioi>s  in  the 
O)ntroller  Bay  and  Cook  Inlet  petroleum  fields*^  was  maSEc;  by  Mr. 
F.  H.  Oliphant  in  1902.  -"   .: 

An  account  of  the  occurrence  of  petroleum  •*  at  Cold  Bay,  with  note» 
on  the  geology  of  the  region,  was  published  anonymously  in  1903,  and 
Mr.  F.  H.  Oliphant  also  described  in  considerable  detail  the  progress 
of  operations  in  the  Controller  Bay  oil  fields,*  with  references  to  the 
Cook  Inlet  fields.  An  abstract  ^  of  the  following  report  was  pub- 
lished in  April,  1904,  and  the  information  therein  contained  was  used 
by  Mr.  F.  H.  Oliphant  ^  as  the  basis  for  his  statement  of  the  progress 
of  operations  in  1903. 

CONTKOIiliBR  BAY  REGION. 
GEOGRAPHY. 

Controller  Bay,  an  indentation  of  the  coast  about  100  miles  west 
of  Mount  St.  Elias,  is  sheltered  on  the  southeast  by  Cape  Suckling 
and  on  the  southwest  by  a  group  of  islands  of  which  the  largest  is 
Kayak  (PL  II).  The  area  here  to  l)e  discussed  includes  the  shores 
of  Controller  Bay  and  the  adjacent  region,  with  an  irregular  group 
of  low  peaks  having  no  uniform  elevation  or  trend,  which  form  the 
foothills  of  the  Chugach  Mountains  to  the  north.  These  foothills 
are  highest  near  the  mountains  and  fall  away  irregularly  toward  the 
sea,  where  few  points  arc  more  than  2,000  feet  high.  The  eastern 
shore  of  Controller  Bay  and  of  Bering  River  is  low  and  almost  flat. 

Bering  River,  with  its  tributaries,  drains  the  central  part  of  this 
region  and  flows  through  a  lake  of  the  same  name,  which  is  al)out 
10  miles  from  the  sea.  Above  the  lake  it  receives  Canyon  Creek  and 
Stillwater  Creek,  the  latter  draining  Lake  Kushtaka.     Shepherd 

•Geology  and  Mineral  Resources  of  n  I^ortlon  of  the  Copper  River  District;  a  special 
publication  of  the  U.  S.  Geo!.  Survey,  1901,  pp.  91-92. 

*  Brooks,  A.  n.,  Coal  resources  of  Alaska :  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Sur- 
Tey,  pt.  8,  pp.  542,  549,  551,  and  571. 

•The  production  of  petroleum  In  1901:  "Extract  from"  Mineral  Resources  U.  S.  for 
1901,  U.  S.  Geol.  Survey,  1902,  p.  20S.     (Not  In  bound  volume.) 

'  The  Cold  Bay  oil  field :   Rng.  and  Min.  Jour.,  vol.  76,  pp.  618-619. 

•The  production  of  petroleum  In  1902:  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol. 
Surrey,  1903,  pp.  682-584  (pp.  207-209  of  separate). 

f  Petroleum  fields  of  Alaska  and  the  Bering  River  coal  fields :  Bull.  U.  R.  Geol.  Survey 
No.  225,  1904,  pp.  865-382. 

« The  production  of  petroleum  In  1903 :  Mineral  Resources  U.  S.  for  1903,  U.  S.  GeoL 
Burwey,  1904,  pp.  000-092  (pp.  179-181  of  separate). 
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• ' » 

Creek  enters  Bering  Lake  from. -the -north  at  its  northeast  comer, 
while  Nitchawak  River  enters- Bering  River  from  the  east  between 
the  lower  end  of  the  la ke'-AHd 'Controller  Bay.  Katalla  River  and 
a  number  of  small  stmnla  drain  the  peninsula  between  the  lake  and 
Controller  Bay*-.  'Q^a^-Vegion  northwest  of  the  valley  of  Katalla 
River  drainlg  intoilhe  Copper  River  delta.     (See  PI.  III.) 

Most  Af-ihe'Jowlands  about  Controller  Bay  are  covered  with  a  dense 

foregit.\  Spruce  and  hemlock  predominate  among  the  larger  trees 

.•^tfdj'.ftre  of  good  size  and  fair  quality.    This  heavy  growth  extends 

:  ''.dp  the  hillsides  to  an  elevation  of  about  1,000  feet,  where  it  gives 

•    way  to  less  dense  timber  of  the  same  species  and  grades  into  a  zone 

in  which  scrub  alders  are  far  in  excess  of  the  other  trees.     In  the 

lower  part  of  the  valley  of  Shepherd  Creek  and  in  the  valley  of 

Katalla  River  there  are  meadows  covered  with  a  luxuriant  growth 

of  grass. 

The  various  companies  interested  in  the  development  of  this  region 
have  built  trails  from  cabin  to  cabin,  and  land  travel  is  confined 
to  these  and  to  a  good  wagon  road  which  has  been  built  for  about  10 
miles  west  from  the  mouth  of  Bering  River  to  the  wells  4  miles  east 
of  Katalla,  with  branches  up  the  valleys  of  Chilkat,  Burls,  Mary,  and 
Redwood  creeks. 

There  are  two  short  tram  roads  from  the  mouth  of  Redwood  Creek 
and  from  the  head  of  Katalla  Slough  to  neighboring  oil  wells,  and 
one  tram  road  from  the  banks  of  Shepherd  Creek  to  a  neighboring 
coal  opening.  The  network  of  rivers,  however,  makes  it  very  easy  to 
get  about  in  small  boats,  so  almost  all  travel  is  done  in  that  way. 

The  most  important  settlements  are  Kayak,  on  Wingham  Island, 
which  is  the  steamer  landing  for  the  entire  region,  and  the  town  of 
Katalla,  at  the  mouth  of  Katalla  River.  There  are  no  other  settle- 
ments except  the  camps  of  the  various  operating  companies  and 
several  small  Indian  villages.     Kayak  and  Katalla  are  post-offices. 

GEOLOGY. 

The  rocks  include  a  complex  series  of  semimetamorphosed  beds, 
some  oil-bearing  shales,  a  succession  of  coal  measures,  a  series  of  Mio- 
cene sandstones,  conglomerates,  and  shales,  a  few  igneous  rocks,  and  a 
large  area  of  alluvial  and  glacial  deposits.  The  map  (Pl.III)  is  based 
on  3uch  facts  as  could  be  gathered  during  a  hasty  reconnaissance. 

SEMIMETAMORPHOSED   ROCKS. 

Under  this  heading  is  placed  a  succession  of  slightly  metamor- 
phosed sandstone,  limestone,  and  shale  which  vary  in  color  from  dark 
gray  to  dull  shades  of  red  and  green,  frequently  with  a  mottled 
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appearance.  The  degree  of  metamorphism  is  slight,  the  alteration 
being  apparently  the  eflfect  of  crushing  and  infiltration.  None  of  the 
minerals  show  the  eflfect  of  extensive  recrystallization. 

The  series  is  best  exposed  west  of  Katalla  (see  map,  PI.  Ill)  and 
along  the  neighboring  shore  of  the  Pacific,  where  the  beds  are  steeply 
folded,  dipping  almost  90°,  and  are  also  somewhat  crumpled.  There 
are  excellent  exposures,  too,  on  the  Fox  Islands,  which  are  made  up 
of  this  same  series,  and  it  was  apparently  again  observed  at  the  ex- 
treme southwest  point  of  Wingham  Island.  Rocks  of  the  same  gen- 
eral appearance  were  also  seen  about  3^  miles  north  of  Elishtak  Point, 
in  Lone  Baldy  Mountain,  and  in  the  valley  north  of  that  region.  At 
the  latter  place  petroleum  was  noticed  in  the  joints.  The  high  ranges 
to  the  north  and  northeast  of  this  point  are  apparently  composed  of 
this  formation,  or  of  one  very  similar  in  character  dipping  at  a  high 
angle. 

There  is  no  evidence  of  the  age  of  these  rocks,  or  of  their  relation 
to  the  others  to  be  described,  except  that  they  are  apparently  older 
than  all  the  latter.  It  is  possible  that  they  represent  part  of  the  Orca 
or  Valdes  series  of  the  Copper  River  region. 

KATALLA  FORMATION. 

The  Katalla  formation  is  a  series  of  dark  argillaceous  and  carbon- 
aceous shales,  with  occasional  bands  of  sandstone,  limestone,  con- 
glomerate, and  volcanic  ash.  It  is  the  series  through  which  the  petro- 
leum of  the  region  reaches  the  surface.  The  formation  is  typically 
exposed  in  the  region  to  the  northeast  of  Katalla,  along  the  banks 
of  Katalla  River,  and  in  the  range  of  hills  to  the  southeast.  From 
this  point  it  extends  eastward,  occupying  the  whole  of  the  peninsula 
between  Bering  Lake  and  Controller  Bay  and  outcropping  in  most  of 
the  hills  south  and  east  of  Bering  River.  Good  exposures  were  seen 
on  the  west  shore  of  Bering  liake,  and  it  is  possible  that  some  of  the 
shales  and  sandstones  of  Kayak  and  Wingham  islands  represent  the 
same  formation.  No  estimate  could  be  made  of  the  thickness  of 
the  formation  because  of  the  complicated  structure  in  all  the  districts 
where  it  is  exposed. 

The  few  fossils  that  have  been  obtained  indicate  that  the  Katalla 
formation  is  of  Tertiary  age.  Several  specimens  of  a  crab  and  frag- 
ments of  a  gastropod  were  collected  on  the  west  shore  of  Bering  Lake, 
and  fragments  of  a  pelecypod  were  seen  at  the  mouth  of  Bering 
River,  and  a  fossiliferous  limestone  concretion  with  many  fragment- 
ary pelecypods  was  collected  in  the  bed  of  Chilkat  Creek.  These 
were  sabmitted  for  determination  to  Dr.  T.  W.  Stanton,  who  reports 
as  follows:  "The  very  small  lots  from  the  neighborhood  of  Bering 
Lake  and  Controller  Bay  ai*e  probably  of  Tertiary  age."    The  fol- 
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lowing  lists  give  the  preliminary  determinations  of  fossils  from  each 
locality. 

2938.  West  end  of  Bering  Lake,  In  concretions.  Several  si)ecimens  of  a 
crab  apparently  lielongiug  to  the  group  Catometopa  and  related  to  the  moilem 
genus  Pilumnoplex  of  the  family  Gonioplaeidse.  The  Catometopa  range  back 
only  to  the  Eocene  according  to  Zittel.  It  seems  probable,  therefore,  that 
these  specimens  are  not  older  than  Tertiary. 

A  fragment  labeled  "Camp  of  June  27  to  29,  west  end  of  Bering  Liike," 
shows  an  imprint  of  a  small  costate  gastropod  not  well  enough  preserved  for 
identification. 

2939.  North  end  of  Bering  Lake,  Alaska.  Fragment  of  a  gastropod  that  may 
be  a  Turho  or  a  related  form.  Small  indeterminate  bivalve,  possibly  a 
venerid. 

2940.  Mouth  of  Bering  River,  Controller  Bay.  Fragments  of  an  undeter- 
mined bivalve. 

2946.  Chilkat  Creek  near  Controller  Boy.  Fossiliferous  limestone  nodule 
with  many  fragmentary  bivalves.    Nothing  determinable. 

Point  Hey,  Controller  Bay,a  Phacoides  {?)  sp.,  CaUista  (?)  sp.,  Comis  sp., 
Fu8U8  sp.  A  (medium),  Fusns  2  sp.  (small),  TurriteUa  sp.,  Dcntalium  sp. 
"Poor  material,  but  the  Conus,  Fttftus,  and  Dcntalium  look  like  Eocene  forms." 

Between  Point  Hey  and  Strawberry  Point.o  Aatrodapia  (?)  sp.,  Semete  (?) 
sp.,  Dentalium  sp. 

The  paleontologic  evidence  concerning  the  position  of  the  forma- 
tion is  therefore  rather  indefinite,  but  indicates  that  the  age  is  cer- 
tainly Tertiary  and  probably  Eocene.  There  is  no  stratigraphic 
evidence  on  this  question,  for  the  exact  age  of  neither  of  the  adjacent 
formations  has  l)etm  determined  with  certainty.  While  the  Katalla 
shales  are  evidently  younger  than  the  semimetamorphosed  rocks, 
which  may  be  the  equivalent  of  the  Palex)zoic  or  Mesozoic  Orca  or 
Valdes  formation,  they  are  probably  older  than  the  Kushtaka  coal 
measures,  which  are  doubtful,  but  probably  of  Oligocene  age. 

KUSHTAKA   FORMATION. 

This  name  is  here  proposed  for  a  coal-bearing  series  of  strata, 
exposed  in  the  valley  of  Bering  River  and  its  tributaries  and  on  the 
shores  of  Lake  Kushtaka,  and  consisting  of  an  unknown  thickness 
(at  least  many  hundred  and  probably  several  thousand  feet)  of 
srhale,  arkosic  sandstone,  and  coal  seams.  No  detailed  section  of  the 
formation  has  been  found.  Its  areal  extent,  so  far  as  now  known, 
has  been  indicated  in  a  preceding  paragraph  and  is  shown  on  the 
accompanying  map  (PI.  III).  Its  lower  boundary  may  be  taken 
at  the  base  of  the  lowest  coal  in  this  region  or  at  the  first  mappable 
stratigraphic  break  below  that.  Its  upper  limit  ma}^  l^e  taken  at 
the  top  of  the  highest  coal  or  at  the  next  succeeding  mappable  strati- 
graphic break. 

The  formation  is  distinguished  from  the  Katalla  formation,  which 

•Determined  by  Dr.  W.  11.  Dull  and  Dr.  Ralph  Arnold. 
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lies  in  an  adjacent  belt  to  the  south  of  it,  by  tlie  presence  of  coal 
seams,  the  predominance  of  sandstone  over  shale,  and  the  coarseness 
of  the  sediments.  It  evidently  adjoins  on  the  north  a  belt  of  crys- 
talline formations,  of  which  numerous  fragments  have  been  trans- 
ported into  this  region  by  streams  and  glaciers.  The  stratigraphic 
relation  to  the  formations  existing  in  the  adjacent  areas  is  not 
known,  except  that  the  general  structure  of  the  region  is  such  as  to 
indicate  that  it  overlies  the  Katalla  formation,  which  probably  occu- 
pies a  low  horizon  in  the  Tertiary. 

The  formation  has  yielded  the  following  fossils  (as  determined  by 
Dr.  F.  H.  Knowlton) :  Salix  sp.  c!f.  S.  varians^  Cotylus  macquarrii^ 
Betula  priscttj  and  Betula  grandifoHa,  All  of  these  occur  also  at  Port 
Graham  in  the  Kenai  formation,  and  are  representative  of  the  so- 
called  Arctic  Miocene  or  Oligocene.  Poorly  preserved  fragments, 
which  probably  represent  species  of  Zizyphxcs  and  Lauras  were  also 
found. 

MIOCENE  ROCKS. 

The  rocks  exposed  on  the  north  shore  of  Kayak  Island  consist  of 
beds  of  conglomerate,  sandstone,  and  shale,  with  a  marine  fauna  in 
which  Dr.  W.  H.  Dall  and  Dr.  Ralph  Arnold  have  identified  the  fol- 
lowing species:  Leda  sp.  A.  (smooth),  Yoldla  aff.  scissurata  Dall, 
Yoldia  aff.  thracUiformis  Dall,  Macoma  cf.  calcarea  GmeL,  Callista 
sp.,  Natica  sp.,  Chrysodovius  sp.  A.,  Chrysodomus  sp.  B.,  Rostellitea 
cf.  indvrata  Conrad.  They  are  of  the  opinion  that  this  fauna  is  upj)er 
Oligocene  or  lower  Miocene,  and  is  the  equivalent  of  the  marine 
faunas  at  Unga  and  Cape  Yaktag. 

IGNEOUS   ROCKS. 

Several  igneous  masses  were  seen  on  the  west  shore  of  Bering 
River  near  its  mouth,  and  include  dikes  of  a  light-colored,  fine- 
grained rock,  tentatively  determined  under  the  microscope  to  be  a 
micro-granite.  About  one-half  mile  above  this  point  and  just  Ix^ow 
the  Chilkat  Indian  village  are  numerous  ex[)osures  of  a  fine-grained, 
dark-green,  igneous  rock,  which  upon  examination  proves  to  be  a 
chloritized  tuff. 

A  massive,  light-colored,  medium-grained  rock  is  exposed  in  the 
north  bank  of  Bering  River  at  the  south  end  of  Carbon  Mountain, 
and  the  island  in  the  river  at  this  point  is  perhaps  of  the  same  com- 
position. It  is  possibly  of  igneous  origin  and  may  have  furnished 
the  heat  that  produced  the  coke  occurring  in  the  vicinity.  Speci- 
mens of  this  massive  rock  were  collected  but  were  lost  in  shipment, 
and  no  determination  of  either  its  name  or  its  general  character  can  l)e 
made.  Several  large  masses  of  a  basic  glassy  rock  have  broken  up 
through  the  Miocene  rocks  on  the  north  shore  of  Kayak  IsLand. 
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The  extreme  southern  end  of  Kayak  Island,  known  as  Cape  St. 
Elias,  rises  in  a  high  peak,  having  the  appearance  of  a  volcanic  plug. 
The  rock  is  of  light  color,  has  a  columnar  jointing,  and  is  somewhat 
exfoliated  and  has  been  identified  microscopically  as  a  trachyte. 

PLEISTOCENE  AND  RECENT  DEPOSITS. 

At  the  southern  end  of  Wingham  Island  are  good  exposures  of 
horizontal  or  gently  dipping  unconsolidated  sand,  clays,  and  gravels. 
These  strata  rest  unconformably  upon  the  upturned  edges  of  the 
shales,  which  make  up  the  larger  part  of  the  island.  They  are  fos- 
siliferous,  containing  Oatrea  and  a  variety  of  other  pelecypods  and 
gastropods,  which  are  surely  not  older  than  Pliocene.  It  is  possible, 
and  from  the  structural  relations  of  these  beds  as  compared  with 
the  other  Tertiary  and  Quaternary  deposits  of  the  coast  of  Alaska, 
it  seems  probable  that  these  beds  are,  indeed,  very  late  Tertiary 
or  post-Tertiary.  They  are  exposed  at  an  elevation  of  from  10  to  30 
feet,  and  possibly  date  from  the  most  recent  elevation  of  the  coast. 
Gravels  which  are  accompanied  by  finer  deposits  and  carry  no  fossils 
are  exposed  in  a  similar  position  along  the  bluffs  near  and  to  the 
west  of  Fox  Islands,  and  probably  also  represent  the  most  recent 
elevation. 

The  eastern  shore  of  Bering  River  and  Controller  Bay,  from  a 
point  slightly  below  the  mouth  of  Stillwater  Creek  to  the  ocean,  is 
a  flat  plain  of  sand  and  mud,  constantly  growing  by  the  addition  of 
sediment  which  the  streams  from  the  southwestern  margin  of  the 
Bering  Glacier  carry  and  deposit  along  their  courji^s  and  at  their 
mouths.  Mount  Nitchawak,  Mount  Campbell,  Mount  Gandil,  and 
other  peaks  rise  like  islands  from  this  plain,  and  it  seems  certain 
that  a  very  short  time  ago  they  were  islands  in  an  older  extension  of 
Controller  Bay,  then  as  now  l>eing  filled  by  the  sediment  of  these 
glacial  streams.  This  younger  fluviatile  Quaternary  formation  ex- 
tends along  the  northern  bank  of  Bering  River  from  a  point  about  3 
miles  below  the  mouth  of  Stillwater  Creek  to  Bering  Lake.  It  also 
extends  up  the  valley  of  Shepherd  Creek  for  a  distance  of  about  4 
miles  above  the  lake,  and  apparently  to  the  southern  end  of  Lake 
Kushtaka.  The  valley  of  Katalla  River  and  of  the  stream  which 
heads  near  it  and  flows  into  Bering  Lake  is  floored  with  the  same 
material,  as  are  also  the  lower  courses  of  most  other  streams  which 
enter  Controller  Bay.  The  deposits  are  known  to  have  a  thickness 
of  over  580  feet  at  one  point  on  Bering  River,  and  of  over  240  feet  in 
the  Katalla  Valley. 

Another  series  of  deposits  contemporaneous  with  the  last,  yet  differ- 
ent in  origin,  are  the  beaches,  islands,  and  bars  which  the  waves  of 
the  ocean  are  building  along  these  shores,    Okalee  sand  spit  and  the 
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long  beach  extending  from  Strawberry  Harbor  to  the  mouth  of 
Katalla  River  are  good  examples.  Others,  which  extend  out  of  the 
region  here  described,  are  Softuk  Bar  and  the  line  of  bars  and  sand 
hills  extending  in  line  with  it  across  the  margin  of  the  Copper  River 
delta. 

GLACIERS   AND   GLACIAL   DEPOSITS. 

The  Bering  Glacier,  previously  mentioned  as  supplying  Bering  and 
other  rivers,  is  a  large  glacier  of  the  Piedmont  type,  and,  if  con- 
spidered  independently,  is  second  in  size,  among  glaciers  of  this  type, 
only  to  the  Malaspina  Glacier.  It  is  a  large  field  of  stagnant  ice, 
which  has  overflooded  the  eastern  extension  of  the  zone  of  coastal 
foothills  described  above,  and  it  is  considered  by  many  as  merely  the 
western  lobe  of  the  Malaspina  Glacier.  It  is,  however,  in  all  prob- 
ability entirely  separate  from  the  latter.  A  great  many  valley  gla- 
ciers coming  from  the  Chugach  Range  enter  it  as  tributaries.  It  is 
fringed  along  its  southwestern  border  by  a  wide  moraine,  while  the 
ice  itself  is  thickly  covered  w^ith  rock  debris  for  a  distance  of  several 
miles  from  its  front,  and,  as  in  the  case  of  the  Malaspina  Glacier,  this 
covering  is  so  thick  that  it  is  often  impossible  to  determine  the  mar- 
gin of  the  glacier  itself.  During  the  warm  summers  large  lakes  are 
formed  on  the  surface  of  the  ice,  which  later  in  the  season  break  loose 
and  subject  the  valleys  of  the  Bering,  the  Nitchawak,  and  other 
streams  draining  the  ice  front  to  severe  floods.  The  entire  region 
from  the  lower  tidal  channel  of  Bering  River  eastward  to  the  ice 
front,  a  distance  of  over  10  miles,  is  a  great  flood  plain  formed  of  the 
debris  which  these  rivers  are  depositing. 

In. the  region  north  of  Bering  River  there  are  a  number  of  valley 
glaciers  not  tributary  to  the  Bering  Glacier,  the  best  known  of  which 
is  the  Martin  River  Glacier,  which  flows  northward  behind  the  coal 
field,  and  one  lobe  of  which  is  the  Kushtaka  Glacier,  entering  the 
lake  of  the  same  name.  There  are  others  to  the  northwest  which 
have  received  no  names  and  are  unmaj^ped. 

struc:ture. 

DETAILS. 

An  anticline  extends  through  the  Katalla  Valley  in  an  average 
direction  of  N.  38°  E.  Exposures  on  the  western  flank  showed  strikes 
of  N.  55°  E.  and  N.  85°  E.,  with  dips  varying  from  18°  to  65°  NW., 
on  the  west  shore  of  Bering  Lake ;  and  a  strike  of  about  N.  40°  E., 
with  a  dip  of  70°  NAV.,  near  the  mouth  of  Deep  Creek.  The  strata 
are  almpst  continuously  exposed  along  the  eastern  flank  in  the  high 
ridge  forming  the  eastern  side  of  the  valley.  The  strike  varies  from 
north  to  N.  40°  E.  and  the  dip  from  32°  to  60°  SE.    The  outcrop  in 
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the  high  southern  peak  of  this  ridge  is  an  unexplained  irregularity, 
for  the  strike  is  N.  30°  W.,  with  a  dip  of  35°  SW.  From  this  point  a 
ridge  extends  northeastward  along  the  eastern  side  of  the  Katalla 
Valley.  The  strike  and  dip  last  mentioned  are  apparently  confined 
to  the  southern  peak  of  this  ridge,  for  be3'ond  the  first  saddle  which 
separates  it  from  the  continuation  of  the  ridge  the  strike  is  along  the 
crest  of  the  ridge,  N.  40°  E.,  with  a  dip  of  35°  SE.  (See  PI.  III.) 
This  ridge  is,  then,  apparently  monoclinal,  with  the  exception  of  its 
southwestern  peak,  where  the  strata  have  been  abruptly  flexed  or 
faulted,  striking  almost  at  right  angles  to  those  in  the  rest  of  the 
ridge. 

The  exposures  on  the  western  shore  of  Bering  Lake  show  greater 
uniformity  of  strike  than  those  hitherto  described.  The  strike  varies 
from  X.  55°  E.  to  N.  85°  E.,  while  the  dip  is  from  18°  to  65°  NW. 
This  strike  if  continued  southwestward  would  carry  the  same  strata 
and  the  same  structure  into  the  hills  on  the  northwestern  side  of 
the  Katalla  Valley,  and  would  thus  make  Katalla  River  occupy  an 
anticlinal  area  with  a  northeast-southw^est  direction.  This  strike 
does  not  seem  to  continue  northeastward  across  Bering  Lake^,  for 
the  strata  on  the  north  shore  of  the  lake  apparently  belong  to  a  dif- 
ferent formation  and  have  a  different  structure.  It  is  possible,  then, 
that  the  northwestern  arm  of  the  lake  occupies  the  position  of  a 
fault  which  extends  north  and  south  parallel  to  the  western  shore 
of  the  lake.  If  this  fault  is  continued  southward  into  the  region  of 
tlie  hills  on  the  western  side  of  the  Burls  Creek  Valley,  it  may 
explain  some  of  the  apparently  strong  variations  in  the  structure 
W'ithin  short  distances,  which  have  been  alluded  to  above. 

In  the  valley  of  Burls  Creek,  however,  a  great  complexity  of  struc- 
tural relations  exists,  almost  no  two  outcrops  agreeing,  even  in  the 
general  direction  of  the  strike  or  dip.  The  outcrops  nearest  the  shore 
of  Bering  Lake,  on  the  western  slope  of  tlie  creek's  valley,  have  a 
strike  of  X.  30°  E.  and  a  dip  varying  from  45°  to  60°  SE.  This 
corresponds  in  general  direction  and  amount  with  the  strike  and  dip 
of  the  ridge  forming  the  eastern  slope  of  the  Katalla  Valley,  and  inas- 
much as  this  hill  is  in  a  general  way  the  most  northeasterly  outlier  of 
this  ridge  it  is  possible  that  it  is  a  part  of  the  same  anticlinal  fold. 
In  a  peak  1  mile  to  the  south  an  approximate  north-south  strike 
was  observed,  with  a  dip  of  45°  to  the  west.  This  would  seem  to  lie 
upon  the  eastern  flank  of  a  syneline  whose  axis  corresponds  in  a  gen- 
eral way  with  the  position  of  the  group  of  hills  occupying  the  area 
))etween  Redwood  Creek  and  Mary  Creek.  This  syneline  might  be 
considered  the  northern  prolongation  of  the  one  shown  in  the  crescent- 
shaped  ridge  bordering  the  northern  shore  of  Strawberry  Harbor. 

The  peninsula  from  Point  Iley  to  Cave  Point  consists  of  a  crescent- 
shaped  ridge,  its  concave  face  toward  the  sea,  and  forming  the  north- 
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pm  shore  of  Strawberry  Harbor  (PL  III).  The  dip  is  everywhere 
toward  this  concavity,  changing  from  southwest  at  Point  Hey  to 
southeast  at  Cave  Point,  indicating  tlie  presence  of  a  pitching  syn- 
cline,  of  wihch  only  the  nose  is  on  land. 

An  outcrop  at  the  lower  edge  of  the  abrupt  slope  rising  from  the 
tidal  flat  about  halfNvay  between  Burls  Creek  and  Mary  Creek  has  a 
strike  N.  55°  E.  and  a  dip  of  52°  NW.  This  would  not  seem  to  readily 
fit  into  any  of  the  general  structure  hitherto  de,scrilx>d,  and  can  only 
be  explained  at  present  as  a  local  variation  in  the  eastern  flank  of  the 
above-mentioned  syncline.    (See  PI.  III.) 

Chilkat  Creek,  which  occupies  the  valley  between  Bering  River  and 
Burls  Creek,  has  exposed  a  great  many  excellent  outcrops.  It  is  evi- 
dent that  a  sharp  anticline  extends  along  the  general  line  of  this  val- 
ley from  northeast  to  southwest,  the  dip  of  the  flanks  averaging  about 
45°.  The  center  of  the  anticline  is  very  steep  and  locally  crumpled. 
The  ridge  east  of  this  valley,  between  it  and  Bering  River,  is  appar- 
ently synclinal,  with  a  strike  of  about  N.  40°  E.  This  fold  is  very 
sharp  along  its  axis,  for  the  rocks  at  the  mouth  of  Bering  River  stand 
vertical,  though  farther  up  the  river  the  dip  is  40°  NW. 

The  strike  of  the  coal  formation  is,  in  general,  from  northeast  to 
southwest;  and  the  dip  is  to  the  northwest.  There  are  certain  varia- 
tions, but  they  appear  to  be  due  to  local  disturbances.  The  structure 
of  the  region  as  now  known  is  chiefly  monoclinal.  The  continua- 
tion of  this  feature  to  the  southwest  would  carry  the  coal  into  the 
hills  on  the  west  shore  of  Bering  Lake  and  on  the  west  bank  of 
Katalla  River.  No  coal  is  known,  however,  in  these  hills,  and  the 
shales  exposed  on  the  west  shore  of  the  lake  appear  to  be  identical 
with  those  on  the  south  shore,  which  have  been  descril>ed  in  the  pre- 
ceding chapter  as  the*  Katalla  formation.  It  is  evident,  therefore, 
that  there  is  a  line  of  faulting  through  the  north  end  of  the  lake  and 
parallel  to  the  west  shore.  The  coal  is  apparently  abseut  to  the  west 
of  this  fault.  It  would  appear  from  the  dip  that  the  Kushtaka  forma- 
tion overlies  the  Katalla  iormation ;  there  is,  however,  no  positive 
proof  that  such  is  the  case.  No  contact  of  the  two  has  been  observed, 
and  there  is  no  reason  why  other  explanations  of  the  existing  phe- 
nomena may  not  be  found. 

The  monoclinal  dip,  which  has  Iwen  observed  as  continuing  for  sev- 
eral miles  up  the  valley  of  Canyon  Creek,  would  seem  to  indicate  a 
thickness  of  many  thousand  feet  in  the  Kushtaka  coal  measures.  Sev- 
eral faults,  however,  were  observed  in  the  banks  of  Canyon  Cri»ok, 
and  it  may  be  that  these  are  numerous  enough  or  of  sufficient  displace- 
ment to  cause  the  thickness  of  the  formation  to  appear  greatly 
increased. 

This  monoclinal  dip  is  apparently  modified  by  only  two  folds 
within  the  region  hitherto  explored.    There  is  one  fault  'wVvveVv  \ytvfc- 
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ably  has  considerable  length  and  displacement,  and  an  undetermined 
number  of  smaller  ones. 

One  of  these  folds  is  an  incline  exposed  near  the  headwaters  of 
Queen  Creek  on  the  divide  between  the  Shepherd  Creek  and  Lake 
Kushtaka  vallevs.  The  rocks  here  have  a  strike  of  N.  64°  to  66°  E., 
with  a  dip  of  42°  NW.  on  the  northwest  flank  of  the  fold,  and  58° 
SE.  on  the  southeast  flank.  The  latter  is  cut  by  a  fault  of  imknown 
but  probably  of  considerable  magnitude.  The  other  is  a  sharp  syn- 
cline,  which  apparently  lies  in  the  hills  east  of  Lake  Charlotte.  Its 
presence  is  indicated  by  the  fact  that  the  dip  of  the  Charlotte  seam  at 
the  openings  above  the  lake  is  southeast.  It  is  not  known  how  far  in 
either  direction  this  southeast  dip  continues. 

A  northeast  strike  and  a  northwest  dip,  corresponding  to  many  of 
those  alluded  to  above,  may  be  seen  on  Kayak  and  Wingham  islands 
and  in  the  hills  of  the  Nitchawak  region.  Each  of  these  areas  con- 
sidered independently  is  therefore  monoclinal.  The  intervening 
areas,  where  the  solid  rock  is  concealed  by  water  or  lowland,  are  so 
broad  that  the  general  structure  can  not  be  made  out. 

The  rocks  on  the  shore  of  the  mainland  near  Fox  Island,  and  appar- 
ently those  of  the  islands  themselves,  have  a  strike  of  N.  70°  W., 
parallel  to  the  shore,  with  a  steep  seaward  dip.  The  high  ridge  north- 
east of  this  point  seemingly  consists  of  rocks  standing  almost  verti- 
cal, with  a  north-south  strike  parallel  to  the  ridge.  On  Lone  Baldy 
Mountain,  about  3  miles  north  of  Fox  Islands,  the  strike  is  N. 
80°  E.  and  the  dip  80°  NW.  The  high  ridge  about  2  miles  north  of 
this  point  apparently  has  a  strike  parallel  to  this  and  a  steep  dip. 
The  relation  of  this  dip  to  that  observed  at  Fox  Islands  and  on  the 
ridge  northeast  of  them  has  not  been  determined. 

GENERAL  FEATURES. 

It  can  be  seen  from  the  statements  given  above  that  the  structure  of 
this  region  is  very  complex,  at  least  so  far  as  the  minor  details  are  con- 
cerned. The  outcrops  are  almost  wholly  confined  to  the  higher  ridges 
11  nd  to  the  deep  canyons.  Many  of  the  latter  were  almost  inaccessible 
to  the  author  on  account  of  the  amount  of  snow  and  ice  at  the  time  of 
his  visit.  The  observations  are,  therefore,  not  numerous  and  are 
widely  scattered.  It  is  probable  that  a  large  proportion  of  these 
ol)servations  do  not  represent  the  major  structure  of  the  region,  but 
rather  a  minor  crumpling  which  is  attendant  upon  the  dominant, 
simpler,  structure.  This  major  structure  can  be  made  out  only  by 
platting  so  large  a  number  of  observations  that  the  entire  structure 
will  be  evident,  both  in  its  broader  features  and  in  its  less  essential 
and  diverse  details,  or  else  by  determining  some  characteristic  strata 
whose  general  position  of  outcrop  can  be  readily  followed,  and  which 
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can  be  made  to  thus  give  the  key  to  the  major  structure.  Unfor- 
tunately the  rocks  of  the  Katalla  formation  are  so  homogeneous 
throughout  that  no  strata  have  been  so  far  observed  which  are  char- 
acteristic enough  to  make  the  dominant  structure  evident,  and  the 
observations  which  have  Ixjen  made  are  not  abundant  enough  to  deter- 
mine the  complete  structural  relations  as  suggested  for  another 
method. 

There  appears  to  be  a  larger  folding,  modified  by  a  minor  folding, 
that  often  reveals  itself  merely  as  a  crumpling  in  the  softer  shales  but 
which  is  locally  so  strongly  developed  as  to  obscure  the  major  folding. 
There  are  thus  two  sets  of  structural  features,  one  of  which  reveals 
itself  in  an  east-west  and  the  other  in  a  northeast-southwest  strike. 
The  first  is  well  shown  in  the  great  anticline  which  is  described  below 
as  extending  along  the  coast  at  Cape  Yaktag:  and  it  again  appears  in 
some  of  the  exposures  of  this  region,  especially  along  the  coast  near 
Katalla.  Of  the  second  series  of  folds,  those  extending  in  a  direction 
from  northeast  to  southwest,  one  of  the  most  illustrative  is  the  anti- 
cline which  apparently  extends  along  the  center  of  the  Katalla  Valley. 
This  is  paralleled  by  a  number  of  other  folds  east  of  it  in  the  penin- 
sula between  Bering  Lake  and  Controller  Bay,  one  of  the  most  dis- 
tinct being  the  anticline  in  the  little  valley  nearest  Bering  River.  The 
central  part  of  the  peninsula  appears  to  consist  of  a  succession  of 
folds,  several  of  which  are  exposed  in  the  valley  of  Burls  Creek. 

The  stnicture  of  this  region  apfjears  at  first  sight  to  be  extremely* 
complex,  the  strikes  and  dips  being  of  almost  indescribable  irregular- 
ity. More  careful  studies  made  during  the  summer  of  1904,  have, 
however,  shown  that  part  of  the  irregular  outcrops  are  of  large  blocks 
which  have  been  displaced  by  gravity  on  the  steep  hillsides,  while 
part  of  them  may  be  assigned  to  a  minor  crumpling  in  the  softer  beds. 
Others  may  be  due  to  faulting,  but  the  amount  of  influence  of  this 
factor  is  not  known. 

After  the  irregularities  due  to  the  above-mentioned  cause  have  been 
eliminated,  the  following  structural  features  distinctly  appear.  The 
prevailing  strike  is  northeast  and  southwest  and  the  prevailing  dip  is 
from  36*^  to  60°.  The  region  between  Bering  Lake  and  Controller 
Bay  consists  of  an  undetermined  number  of  parallel,  closely  folded 
anticlines  and  synclines,  with  pitching  axes  of  which  the  average 
direction  is  N.  35°  E.  The  most  plainly  developed  of  these  folds  are 
the  Katalla  Valley  anticline,  the  Strawberry  Point  syncline,  and  the 
Chilkat  Creek  anticline. 

The  structure  of  that  part  of  the  coal  area  which  was  visited  by  the 
writer  is  rather  simple.  The  strike  is  fairly  regular  in  direction 
(northeast  and  southwest),  and  the  dip  is  chiefly  northwestward.  The 
uncertain  factor  is  the  total  amount  of  influence  of  the  faults. 
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ECONOMIC  MATERIALS. 
PETROLEUM. 

Petroleum  seepages, — Petroleum  seepages  are  very  abundant  in  the 
Controller  Bay  region.  Those  which  are  best  known  are  situated 
about  4.  miles  east  of  Katalla.  The  flow  of  oil  here  is  very  large,  and 
good-sized  pools  ha  ve  collected  on  the  surf  ace.  Another  group  of  seep- 
ages is  on  the  headwaters  of  Burls  Creek,  where  the  petroleum  may 
be  seen  oozing  from  the  joints  and  bedding  planes  of  the  carbonaceous 
shales  and  volcanic  ash  beds  which  are  exposed  in  the  deep  ravines. 
The  quantity  of  petroleum  here  showing  is  not  so  large  as  at  the  seep- 
ages east  of  Katalla,  but  it  is  more  widespread.  The  small  stream 
between  Burls  Creek  and  Bering  River  has  several  seepages  along  its 
bank.  Seepages  occur,  too,  in  other  parts  of  the  peninsula  between 
Bering  Lake  and  Controller  Bay  and  in  the  region  west  of  Katalla. 
The  so-called  "  Nitchawak  region,"  which  is  situated  on  the  banks  of 
the  various  branches  of  Nitchawak  River  and  in  the  vicinity  of  Mount 
Nitchawak,  also  presents  a  number  of  seepages.  Some  of  these  are 
located  on  the  banks  of  a  small  lake,  which  is  reported  to  be  at  times 
covered  with  petroleum.  The  small  creeks  which  enter  Little  Nitch- 
awak River  from  the  north  have  a  number  of  seepages  on  their  banks, 
in  some  of  which  oil  issues  directly  from  the  rock,  which  is  here  a 
shale.  The  canyon  north  of  Lone  Baldy  Mountain  and  between  it 
and  Ragged  Mountain  contains  a  number  of  seepages,  in  which  the 
oil  may  be  seen  oozing  from  the  cracks  of  the  rock. 

A  strong  flow  of  gas  bubbles  to  the  surface  of  the  water  at  a  num- 
ber of  places  along  the  lower  course  of  Katalla  River.  In  places  this 
flow  is  so  strong  that  it  can  be  heard  for  a  distance  of  several  hundred 
feet.  The  composition  of  the  gas  is  not  known.  Several  large  sul- 
phur springs  issue  from  the  northern  bank  of  Bering  River  within  a 
mile  on  either  side  of  the  Indian  village. 

Most  of  the  seepages  between  Katalla  and  Bering  River  fall  approx- 
imately on  three  straight  lines,  each  having  a  general  northeast-south- 
w^est  direction.  These  lines  are  nearly  parallel  to  the  strike  in  their 
vicinity,  and  are  undoubtedly  influenced  in  position  and  direction  by 
the  structure.  They  probably  represent  the  outcrops  of  oil-bearing 
strata.  The  easternmost  of  them  is  on  the  \vestern  flank,  but  very 
close  to  the  crest  of  the  Chilkat  Creek  anticline.  The  westernmost  is 
on  the  eastern  flank  and  about  halfway  down  the  Katalla  anticline. 
Those  in  the  valley  of  Burls  Creek  are  in  a  less  certain  structural 
position. 

The  gas  springs  on  the  banks  of  Katalla  River  are  probably  located 
on  or  near  the  crest  of  the  Katalla  anticline. 
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Petroleum  wells. — ^The  first  well  in  the  Controller  Bay  region  was 
drilled  in  the  summer  of  1901.  Work  upon  it  was  stopped  owing 
to  the  loss  of  tools.  The  same  company  drilled  another  well  in  the 
summer  of  1902,  which  at  a  depth  of  about  250  feet  yielded  some 
petroleum.  At  a  depth  of  360  feet  the  tools  appeared  to  break 
through  into  a  cavity  of  the  rock  and  a  large  flow  of  oil  began, 
spouting,  it  is  reported,  many  feet  above  the  top  of  the  derrick.  No 
estimate  of  the  amount  of  the  flow  has  Ixpsen  made.  This  well  was 
inunediately  capped,  to  be  reopened  in  July,  1903,  and  drilled 
deeper,  and  it  is  now  reported  to  have  a  total  depth  of  550  feet. 

The  following  is  a  record  of  the  well  as  reported  by  the  Alaska 
Steam  Coal  and  Petroleum  S3mdicate,  and  published  by  Mr.  F.  H. 
Oliphant :  • 

Well  record  near  Controller  Bay, 

Depth,  in  feet. 

6  feet  surface  drift 0 

10  feet  decomposed  shale 16 

140  feet  light-colored  shale 150 

18  feet  fliie-gralned  sandstone 174 

One-half  foot  coal  contained  in  the  sandstone 174i 

190  feet  dark  shale,  very  hard 364^ 

One-half  foot  quartz  containing  iron  pyrites,  and  contained  in  the  shale—.  365 
1  foot  oU  sand  and  flow  of  oil 366 

Total    366 

Length  of  12-inch  casing 22<) 

Length  of  9i-inch  casing 340 

Numerous  small  showings  of  i>ctroleiini  and  natural  gas  were  encountered 
as  the  drill  proceeded,  and  at  366  feet  a  large  flow  of  oil  was  developed.  The 
well  is  said  to  have  continued  to  flow  until  capped. 

Another  company  l)egan  work  in  the  spring  of  1903  on  a  well 
about  4,000  feet  south  of  the  first  producing  well  mentioned  above. 
In  July  this  well  was  abandoned  at  a  depth  of  1,700  feet,  that  being 
as  far  as  it  was  possible  to  drill  with  the  light  rig  which  was  used. 
,No  flow  of  oil  was  encountered,  but  a  little  was  brought  up  in  the 
bailer  from  time  to  time. 

It  should  be  noted,  in  comparing  the  results  obtained  in  these  two 
wells,  that  the  location  of  the  second  with  I'eference  to  the  first  is  in 
the  direction  of  the  dip.  The  dip  is  very  steep  in  the  interval  of 
4,000  feet  between  the  wells,  and  while  the  exact  amount  is  undeter- 
mined it  is  surely  enough  to  carry  the  oil  sand  that  was  tapped 
in  the  first  well  to  a  depth  considerably  exceeding  3,000  feet  at  the 
location  of  the  second. 

•  The  prodaction  of  petroleum  in  1002 :  Minerai  Resources  U.  B.  for  1002,  U.  S.  GeoL 
Surrey,  1003,  p.  588. 
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Another  well  on  the  north  bank  of  Katalla  River,  about  2  miles 
above  the  town  of  Katalla,  was  begun  by  the  same  company  during 
July,  1903.  The  latest  information  which  the  author  has  received  is 
that  it  was  drilled  to  a  depth  of  240  feet  without  reaching  solid  rock. 
A  third  company  began  drilling  in  July  1903,  about  7  miles  above 
the  mouth  of  Bering  River.  At  last  reports  this  well  had  attained 
a  depth  of  580  feet  and  bed  rock  had  not  been  reached. 

Fifteen  wells  had  been  drilled  or  were  drilling  in  this  region  in 
September,  1904.  Of  these,  two  are  in  the  Katalla  Valley,  one  is 
3  miles  east  of  Katalla  near  Cave  Point,  two  arc  on  Strawberry 
Harbor,  nine  are  between  the  head  of  Katalla  Slough  and  the  mouth 
of  Bering  River,  and  one  is  on  Bering  River  about  4  miles  above 
its  mouth.  Of  these  wells,  three  (one  in  the  Katalla  Valley,  one 
on  Strawberry  Harbor,  and  one  on  Bering  River)  were  abandoned 
before  reaching  bed  rock.  Four  of  them  (one  in  the  Katalla  Valley, 
one  at  Strawberry  Harbor,  and  two  wast  of  the  mouth  of  Bering 
River)  are  still  drilling.  Of  the  remaining  eight  wells,  three  were 
mentioned  in  an  earlier  report."  One  of  these  is  now  furnishing  oil 
which  is  used  as  fuel  at  the  other  wells  of  the  same  company.  No 
statistics  regarding  the  present  production  of  the  well  are  at  hand, 
nor  is  it  known  how  much  greater  the  yield  might  be  if  the  well  were 
pumped  continuously. 

The  amount  of  authentic  information  which  has  been  given  out  for 
publication  regarding  these  wells  is  extremely  small. 

It  is  reported  that  none  of  the  remaining  five  wells  has  produced 
oil  in  commercial  quantities.  But  it  is  furthermore  said  that  none  of 
them  has  reached  a  depth  exceeding  1,100  feet,  in  which  case  it  may 
be  assumed  that  the  possibilitites  of  the  field  have  not  3^et  been  con- 
clusivelv  tested. 

Mr.  F.  H.  Oliphant,  in  summarizing  the  developments  during  1903, 
said  of  this  field :  ^ 

"  The  developments  in  Alaska  during  1903  have  not  resulted  in  any 
commercial  production  of  petroleum,  notwithstanding  the  numerous 
surface  indications  and  the  wells  that  have  been  completed  in  the 
supposed  productive  territory.  The  prospectors  should  not,  how- 
ever, be  discouraged,  although  it  may  require  patience  and  careful 
prospecting  with  the  drill  to  tap  the  reservoirs,  whose  existence  seems 
to  be  indicated  by  remarkable  surface  shows  of  both  petroleum  and 
natural  gas." 

Great  difficulty  has  been  experienced  in  all  parts  of  the  field  in 
keeping  the  holes  straight  and  free  from  water.  This  has  made 
progress  very  slow  and  deep  drilling  sometimes  impossible.     Perhaps 

»  Bull.  IJ.  S.  Qeol.  Survey  No.  225.  1904.  pp.  368-360. 

*  The  production  of  petroleum  In  1903  :  Mineral  Resources  U.  S.  for  1903,  U.  S.  Qeol. 
Survey,  1904,  p.  GOO. 
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some  of  the  wells  would  have  been  more  successful  if  they  could  have 
been  continued  to  greater  depths. 

Three  wells  which  were  located  on  mud  flats  at  some  distance  from 
high  Imnd  or  from  exposure  of  solid  rock  had  difficulty  or  did  not 
sucoeed  in  reaching  bed  rock.  In  two  cases  the  drivepipe  was  sunk 
to  depths  of  240  and  580  feet  through  mud  without  reaching  solid 
rock.  These  instances  show  conclusivelv  the  inadvisabilitv,  in  the 
present  stage  of  development,  of  attempting  to  locate  wells  on  the 
flats.  After  a  field  is  proven,  then  the  mud  flats  adjoining  it  longi- 
tudinally may  be  considered  to  have  a  speculative  value.  At  present 
there  is  no  indication  that  they  are  worth  anything. 

Another  instance  illustrating  the  folly  of  investing  in  the  low 
grounds,  and  also  of  investing  without  thorough  investigation,  is  the 
ease  of  a  tract  which  was  staked  and  sold  for  $1,700  during  the  past 
winter.  In  the  spring  the  supposed  land  floated  and  melted  entirely 
away,  the  stakes  having  been  driven  in  the  ice  off  the  shore  of  Con- 
troller Bay.  It  is  generally  believed  in  the  region  that  there  was  no 
intent  to  defraud. 

Structural  relations  of  the  petroleum. — ^The  conditions  believed  by 
the  majority  of  observers  to  be  necessary  to  the  occurrence  of  petro- 
leum in  conmiercial  quantities  are,  first,  the  presence,  originally,  of  a 
large  amount  of  organic  matter  in  the  sediments  from  which  the  oil 
was  derived;  second,  the  existence  of  a  porous  rock,  in  the  aggregate 
very  considerable,  in  which  the  oil  could  acciunulate,  and,  third,  the 
protection  of  this  rock  in  such  a  manner  that  the  oil  can  not  escape. 
The  condition  generally  regarded  as  affording  the  most  efficient  pro- 
tection Ls  the  presence  of  an  overlying  stratum  of  fine  compact  rock 
which  the  oil  can  not  penetrate  and  the  flexure  of  the  strata  into  a 
gentle  anticline,  fo  that  escape  of  the  oil  is  cut  off  both  in  an  upward 
direction  and  laterally — in  the  latter  case,  it  may  be,  by  the  body  of 
water  behind  it  Other  conditions  which  govern  the  accumulation 
and  distribution  of  oil  are  changes  in  the  porosity  of  the  containing 
bed,  either  from  variation  in  the  coarseness  of  sediment  or  from  the 
filling  of  the  interstices  with  mineral  deposits,  such  as  carbonate  of 
lime.  Underground  water  also  doubtless  plays  a  part  in  the  accumu- 
lation and  distribution  of  oil. 

From  the  size  and  distribution  of  the  seepages  it  may  be  reason- 
ably inferred  that  a  vast  amount  of  organic  matter  which  was  sub- 
sequently converted  into  jxitroleum  was  incorporated  with  the  sedi- 
ments now  constituting  the  oil-bearing  shales  of  the  Controller  Bay 
region;  the  appearance  of  the  rocks  is  evidence  that  there  are  numer- 
ous horizons  in  the  series  sufficiently  porous  to  afford  reservoirs  for 
the  accumulation  of  oil,  and  the  successful  wells  show  that  the  condi- 
tions are  favorable  for  at  least  one  productive  field.  Conditions 
below  the  surface  are,  however,  frequently  very  difficult  even  to 
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surmise,  and  the  aid  ordinaril}'  derived  from  well  records  is  not  yet 
sufficient  in  this  field  to  show  conclusively  the  relation  in  depth 
between  the  occurrence  of  the  oil  and  the  structure  and  stratigraphy 
of  the  containing  series.  The  structure  of  the  field  is  complex,  but 
if  drillings  are  made  after  a  careful  consideration  of  all  geologic 
details  the  existence  of  valuable  oil  areas  may  perhaps  soon  be  pix)ved 
and  their  definition  safely  suggested. 


CAPE  YAKTAO  PETBOI4:UM    FIELD. 


Cape  Yaktag  is  situated  about  75  miles  east  of  Controller  Bay. 
The  shore  line  is  here  straight,  and  there  is  no  harbor  which  affords 
shelter  for  any  kind  of  boat.    (See  fig.  1.)     A  strip  of  land  from  5  to 


Geoloirlcal  section 

on  Johnitton  Creek 

w 


C«pe  Zaktag 


Fig.  1. — Sketch  map  of  Cape  Yaktag  petroleum  field. 

10  miles  in  width  lies  between  the  coast  and  Bering  Glacier.  The  ice 
front  is  marked  by  a  lino  of  hills  which  are  parallel  to  the  coast 
and  from  which  a  steep  slope  de>;cends  to  the  sea.  This  slope  is 
drained  by  many  short  parallel  streams,  some  of  which  head  in  the 
ice.  The  Cape  Yaktag  oil  field  extends  eastward  for  about  25  miles 
from  the  mouth  of  Yaktag  Kiver,  which  is  the  easternmost  of  the 
longer  streams  reaching  the  ocean  near  Cape  Yaktag  (fig.  1). 

Geology, — The  writer  was  not  able  to  visit  this  region,  so  that  the 
following  observations  are  based  upon  the  statements  of  others:  The 
structure,  it  is  said,  is  anticlinal,  with  the  axis  parallel  to  and  very 
near  the  shore  line.  The  dip  on  the  southern  flank  of  the  fold  is  very 
steep,  the  rocks  standing  veiiical  along  the  beach.  The  dip  on  the 
northern  side  in  nnich  gentler,  seldom  exceeding  20°.  This  continues 
inland  as  far  as  the  region  has  been  explored.  The  rocks  consist  of 
shales  with  interbedded  sandstone  and  limestone,  the  whole  resem- 
bling very  closely  in  lithologic  character  some  of  the  rocks  of  the  Con- 
troller Bay  oil  field.  Thev  here  carry  fossils  which  show  them  to  be 
of  Miocene  age.  A  list  of  these  fossils  was  published  by  Mr.  J.  H 
Spurr.''  The  structure  of  the  region  is  very  uniform,  and  no  marked 
variations  from  the  strike  and  dip  recorded  above  were  noticed. 


«•  Spurr,    J.    E.,    A    reconnaissance   in    sdiithwestern    Alaska    In    1808 :  Twentieth    Ann. 
Kept.  U.  8.  Geol.  Survey,  pt.  7,  IIKM),  p.  264. 
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Occurrence  of  the  petroleum, — There  are  said  to  l)e  prood  seepa^»s 
in  several  of  the  creeks  in  this  belt,  and  the  petroleum  is  regarded  as 
similar  in  character  to  that  of  the  Controller  Hav  field.  It  (K)zes 
from  the  rocks  along  the  crest  of  the  anticline.  No  development 
work  has  been  done,  due  to  the  difficulty  of  transporting  machinery, 
which  it  would  be  necessary  either  to  land  through  the  surf  on  the 
oi^en  coast  or  to  transport  overland  for  a  distance  of  75  miles  from 
Controller  Bay.  The  latter  will  be  an  impossibility  until  roads  are 
constructed. 

CX)AL. 


BEBINO   BIVEB   COAL   FIELD. 


The  -field, — The  Bering  River  coal  field  lies  from  12  to  25  miles 
inland  from  Controller  Bay.  The  coal  area,  as  far  as  known,  is 
restricted  to  the  region  north  of  Bering  Lake  and  Bering  River. 
Its  southern  boundary  appears  to  coincide  approximately  with  the 
position  of  Bering  Lake  and  with  Bering  River  above  the  lake.  The 
western  boundary,  although  not  definitely  known,  is  assumed  to  lie 
along  a  north-south  line  extending  through  the  northwest  arm  of 
Bering  Lake  parallel  to  its  western  shore.  The  northern  and  east- 
em  boundaries  are  also  uncertain,  but  are  probably  at  a  considerable 
distance  beyond  the  region  as  now  known.  The  coal  area  as  at 
present  recognized  includes  about  120  square  miles.     (See  PI.  III.) 

The  coal  is  known  to  extend  as  far  north  as  the  Martin  River 
Glacier  and  as  far  east  as  the  valley  east  of  Carbon  Mountain.  It  is 
possible  that  further  exploration  will  reveal  the  presence  of  coal 
north  of  the  Martin  River  Glacier  in  the  foothills  of  the  Chugach 
Mountains  or  in  the  region  to  the  east  of  Carbon  Mountain. 

The  lowlands  which  border  the  northeast  shore  of  Bering  Lake 
and  extend  up  Shepherd  Creek,  Bering  River,  and  other  streams  are 
doubtless  underlain  by  coal.  The  covering  of  mud  and  other  soft 
deposits  is  probably  very  thick,  and  the  uncertainties  of  deep  mining 
below  it  are  so  great  that  these  lands  are  now  of  very  doubtful  value. 
The  same  applies  to  the  area  covered  by  the  Bering,  Martin  River, 
and  Kushtaka  glaciers.  The  above  estimates  of  the  coal  area  include 
only  the  high  land  lying  above  and  betw^een  the  tidal  flats  and  river 
flats  and  the  glaciers. 

Geologic  occurrence  of  the  coal, — The  coal  is  restricted  to  the  rocks 
of  the  Kushtaka  formation  described  above.  The  following  local 
sections  have  been  measured  by  the  writer: 

Section  in  lotcer  tunnel  on  cant  hank  of  Carbon  Creek. 

Feet. 

Dark  shale _ 2 

Coal 20 

Massive,  aricoslc,  cross-bedded   saudstouc  with   many   thin   carbonaceous 

streaks 10 
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The  strike  at  this  point  is  N.  65°  E.  The  roof  of  the  seam  dips 
60°  NW.,  the  floor  78°  NW. 

About  100  yards  northwest  of  this  point  a  seam  containing  about 
3  feet  of  clean  coal  has  been  exposed.  One  mile  northwest,  at  what 
is  known  as  Doyle  Camp,  a  coal  20^  feet  thick  is  exposed.  The  strike 
of  the  roof  is  N.  10°  E.,  of  the  floor  N.  30°  W. ;  the  dip  is  from  75^ 
to  85°  E.  Both  roof  and  floor  are  very  irregular  and  the  coal  has 
been  found  to  be  entirely  cut  off  by  a  fault. 

Several  seams  have  been  opened  near  the  headwaters  of  Shepherd 
Creek,  of  which  the  most  promising  is  the  Charlotte  seiim,  on  the  hill- 
side southeast  of  Lake  Charlotte. 

Section  of  the  Charlotte  scam. 

Shale  roof lOft.-f- 

Coal  2  In. 

Shale 5  In. 

Coal 9  ft        6  In. 

Shale  and  coal Gft. 

Strike,  N.  12°  E. ;  dip,  72''  SE. 

The  same  seam  has  been  opened  again  about  half  a  mile  south  of 
this  point.  The  coal  in  this  seam  is  firmer  and  should  stand  shipment 
with  less  crushing  than  any  other  seen  by  the  writer  in  this  field. 

Section  1  mile  northwest  of  Canoe  Landing  on  Shepherd  Creek. 

Ft.  In. 

Coal 3    0 

Shale    0    2 

Coal 4    4 

The  strike  at  this  point  is  N.  20°  E.,  the  dip  65°  NW.  The  open- 
ing is  on  the  west  side  of  the  valley  of  Shepherd  Creek,  at  an  ele- 
vation of  about  200  feet  above  Bering  Lake. 

The  region  adjoining  the  north  shore  of  Bering  Lake  has  been  ex- 
ploited to  a  considerable  extent  during  the  past  season  and  a  small 
amount  of  coal  mined  for  local  use.  The  seams  so  far  discovered  in 
this  region  are  smaller  than  those  described  from  other  parts  of  the 
field. 

The  high  ridge  between  Lake  Kushtaka  and  Shepherd  Creek  con- 
tains a  large  number  of  seams.  There  are  probably  at  least  20  of 
these  seams  which  are  5  feet  or  more  in  thickness  and  several  which 
are  over  20  feet  thick. 

The  western  slope  of  this  ridge  is  drained  by  Queen  Creek  and 
other  branches  of  Carbon  Creek.  Queen  Creek  has  cut  into  the  crest 
of  a  sharp  anticline,  which  is  probably  faulted  on  its  southeastern 
flank,  and  on  both  flanks  of  which  coal  seams  are  exposed.     The 
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coals  in  this  locality  are  of  extraordinary  tliickness,  perhaps  having 
swollen  into  pockets  near  the  crest  of  the  field.     (See  fig.  2.) 


Sectbm  of  coal  o 
Sbale  roof. 
Cool 

n  norlkKCKt  iMnk  of  Queen  Creek. 

P««t. 

Sbale  floor. 

Bection  of  coal  o 

n  gouthea»t  bank  of  Queen  Creek. 

Pt.  In. 

Pio.  2.— Swtlon 


Several  prospect  openings  and  a  well-constructed  tunnel  have  been 
driven  into  the  banks  of  Carbon  Creek.  The  latter  intersected  two 
seams,  the  larger  of  which  has  a  thickness  of  8  feet  of  clean  coal. 
This  is  not  the  same  as  the  Carbon  Creek  tunnel  mentioned  above. 

The  valley  of  Stillwater  Creek  and  Lake  Kushtaka  has  been  shown 
to  contain  a  great  deal  of  valuable  coal.  A  trail  recently  built  north- 
ward from  the  western  shore  of  Lake  Kushtaka  exposes  15  or  10 
seams.  The  writer  has  seen  one  seam  on  the  west  side  of  Lake  Kti^ti- 
taka  which  has  a  thickness  of  over  22  feet,  and  several  others  with 
thicknesses  of  from  8  to  15  feet.  It  is  reported  that  a  thickness  of 
over  60  feet  of  coal  was  found  in  a  tunnel  in  one  of  the  valleys  on  the 
north  side  of  Stillwater  Creek. 

The  following  section  is  exposed  in  the  west  bnnk  of  Trout  Ci-eek, 
2  miles  above  its  juncture  with  Stillwater  Creek  and  ii  miles  above 
the  mouth  of  the  latter : 
BnlLSaO-Wif 3 
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Section  on  Trout  Creek. 

Feet 

Shale    4 

Coal    «i 

Sandstone    5 

The  strike  is  N.  40°  E.,  the  dip  38°  W. 

Several  valuable  seams  have  recently  been  opened  in  the  valley  of 
Canyon  Creek  and  on  the  opposite  (east)  side  of  Carbon  Mountain. 
It  is  said  that  of  fifteen  openings  in  the  same  seam  on  Carbon  Moun- 
tain which  showed  a  range  of  thickness  from  9  to  25  feet,  nine  re- 
vealed a  thickness  of  14  feet  or  more.  About  a  dozen  workable  seams 
have  been  reported  from  this  region.  The  writer  has  already  pub- 
lished the  following  sections  of  the  coal  and  coke  seen  by  him  in 
this  vicinity,^  which  were  all  that  were  accessible  when  he  wjis  there 
in  1903. 

Four  seams  are  exposed  on  the  east  bank  of  Canyon  Creek.  Three 
miles  above  the  mouth  the  coal  has  a  thickness  of  2  feet  9  inches,  is 
overlain  by  sandstone,  and  has  a  shale  floor.  The  strike  is  N.  80°  E., 
the  dip  35°  W.  The  section  was  measured  at  the  level  of  the  valley 
floor.  This  seam  is  variable  in  thickness,  pinching  out  somewhat 
higher  in  the  bluff. 

Four  miles  above  the  mouth  of  Canyon  Creek  a  coal  has  a  thick- 
ness of  4  feet  2  inches ;  it  strikes  N.  10°  E.  and  dips  60°  W.,  and  has 
a  shale  roof  and  floor. 

At  the  south  end  of  Carbon  Mountain  there  is  a  high  bluff  where 
Bering  River  has  been  pushed  against  the  end  of  the  mountain  by  the 
Bering  Glacier,  and  here  the  following  section  was  measured : 

Section  at  south  end  of  Carbon  Mountain, 

Feet. 
Sandstone    - 30 

Coke    - 1 

Sandstone    20 

Coke    2 

Sandstone    2to   5 

Coke    Ito   5 

Sandstone 3 

Coke 1 

Sandstone    8 

Coke    Ifto   2i 

The  strike  at  this  point  is  N.  80°  W.,  the  dip  from  20°  to  25°  X. 

It  is  the  opinion  of  the  writer  that  the  foregoing  sections  represent 
distinct  coals,  and  that,  furthermore,  from  the  smut  observed  by 
him,  many  additional  ones  will  be  discovered  in  the  development  of 
the  country  which  are  now  concealed  beneath  the  soil  and  the  dense 
vegetation. 

•  Bull.  U.  S.  Geol.  Survey  No.  225,  1904,  p.  372. 
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Owing  to  the  general  northerly  clip  throughout  the  coal  field,  the 
northern  portion  of  it,  as  at  present  recognized,  is  underlain  by  a  far 
greater  number  of  seams  than  the  southern.  But  the  northward 
extent  of  the  field,  the  nature  of  its  structure,  and  the  manner  of  its 
termination  remain  unknown. 

The  features  to  be  considered  by  the  mining  engineer  embrace 
faults  and  their  attendant  problems,  steep  dips,  the  proportion  of 
ihe  seams  above  water  level,  accessibility,  and  the  physical  proi)erties 
of  the  coal  as  aifecting  its  shipment  and  market  value,  a  tendency  to 
crush  being  especially  noticeable. 

The  lands  within  the  region  noted  above  as  known  to  be  coal  bear- 
ing have  for  the  most  part,  if  not  entirely,  been  located,  and  it  is 
understood  that  some  of  the  holders  are  about  to  secure  patents.  It 
seems  probable  that  there  are  unlocated  coal  lands  in  the  unexplored 
area  to  the  east  and  northeast. 

The  work  which  has  been  done  in  the  development  of  this  field  is 
entirely  pioneer  development  work.  Land  surveys  have  Ikh^u  made 
of  most  of  the  larger  holdings.  Several  railw^ay  routes  have  been 
surveyed.  Many  miles  of  good  trails  have  been  built,  and  a  large 
number  of  cabins  erected.  A  large  number  of  prospect  openings 
have  been  made  and  several  more  extensive  tunnels  dug.  There*  is  a 
tramroad  and  a  gravity  plane  from  Shepherd  Creek  to  a  tunnel 
on  the  hillside  to  the  westward.  A  small  amount  of  coal  is  Inking 
mined  for  local  use  in  stoves  and  as  blacksmith  coal  at  some  of  the 
neighboring  oil  wells. 

More  extensive  mining  will  Ix^  delayed  until  shipping  facilities  are 
provided  at  Controller  Bay  or  elsewhere,  and  a  railroad  is  built  from 
the  harbor  to  the  mines. 

Character  of  the  roal, — The  physical  proixMties  of  the  coal  ai*e  very 
much  alike  in  all  the  scams  and  in  all  parts  of  the  field  visited  by  the 
writer.  The  coal  resembles  the  harder  bituminous  coals  of  the  East 
more  than  it  does  anthracite.  It  is  doubtful,  too,  if  much  of  the  coal 
could  be  sized  so  as  to  comi)ete  with  anthracite  coal  for  domestic  use; 
and  again,  under  ordinary  handling  it  will  probably  crush  to  almost 
the  same  extent  as  the  harder  grades  of  semibituminous  coal,  which 
will  not,  of  course,  impair  its  value  for  steam  purposes,  but  will 
necessitate  careful  handling  if  it  is  to  at  all  comiKjte  with  Pennsyl- 
vania or  Welsh  anthracite  as  a  domestic  fuel. 

The  following  table  includes  all  the  analysers  and  calcuimetric 
tests  which  have  been  made  of  the  Bering  River  coal.  The  first 
nine  samples  were  collected  by  the  author  and  represent  the  composi- 
tion of  the  entire  seam ;  that  is,  coal  was  cut  evenly  from  the  seam, 
from  roof  to  floor. 
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Analyte*  and  tfsU  of  Bering  Rivrr  coatii. 


Csrbon  Creek  a  . 
Sbophord  Cnwk 

Canyon  Creek o... 
SoQtlieDdofCKr- 
bonMt.  («iko)." 
4neea  Creekft  — 
queen  Creek  b.... 
Litks  Charlotte  b. . 
Carbon  CrooS*.... 
Bering  Blvi 
Bering  RlTi 
Controller  Bay 
Contnillor  Bayi 
BorinK  Bi" 


a  calDrlmeter  ti 


t  b;  Pennlmaa  and 


•  Bample  collected  by  G,  C.  Martin.     Analyals 

•Sample  collected  by  O.  C.  Martin.     ADaljrBia  by  E.  C.  Sullivan. 

'  AnalyelB  by  WIlHam  H.  Fuller,  Falrhaven,  Wnsli.  PiiliUahed  by  John  Klraopp,  Jun.. 
The  coal  Held*  of  Cook  Inlet.  Alaska.  V.  8.  A„  and  thi^  I'aciflc  coast :  Trans.  Innt. 
Miri.  Eds.,  vol.  21,  lOOl.  p,  570. 

'AnaljfBlB  by  W.  F.  Robertaon,  Victoria,   I!.  C.     Published  by  John   Klrsopp.  Jun.,   bb 

'AnalyBlB  furnished  by  F.  11.  Bhepherd.  Published  by  J.  F..  Spurr,  A  reconnaleaance 
In  southnoBt  AlBBka :  TwenlleCh  Ann.  Bepl.  V.  S.  Geol.  Snrvey.  pt.  T,  p.  263.  (No.  13 
Is  Dot  rrom  Icj'  Bay  aB  hllberlo  reported.) 

'  Sample  collecled  by  W.  M.  CarlcBS.  AiialyslB  by  W.  F.  Hlllebrand.  Published  by 
SchrBder  and  Bpencer.  Geology  and  Mineral  Resourcea  of  a  portion  of  the  Copper  Blv«r 
District,  Ataaka,  p.  01. 

NolB. — The  calories  of  Nob.  G  to  11  are  computed  from  tbc  analysis  by  the  author. 

The  above  coals  vary  greatly  in  composition  and  in  heating  power, 
and  it  seems  likely  that  this  field,  as  elsewhere,  each  seam  will  be 
found  to  have  a  characteristic  composition.  The  source  of  Xos.  10-14 
is  not  known,  but  possibly  some  of  them  are  from  the  opening  on 
Carbon  Creek  from  which  No.  1  was  obtained.  The  difference  be- 
tween the  amount  of  moistui-e  in  these  samples  and  that  in  sample 
Nos.  1-5  is  probably  due  to  the  fact  that  the  latter  were  placed  in 
scaled  cans  as  soon  as  taken  and  no  opportunity  was  given  for  the 
coal  to  dry  out.  The  very  high  percentage  of  sulphur  in  Nos.  13  and 
14  is  probably  due  to  their  having  been  taken,  not  from  the  entire 
thickness  of  the  seam,  but  from  pieces  of  coal  which  were  picked  for 
their  hardnes-s  and  apparent  cleannes.s.  The  one  who  took  the  sam- 
ples evidently  overlooked  the  fact  that  their  exceptional  hardness 
was  not  due  to  the  coal  being  nearer  anthracite,  but  to  its  containing 
a  ]arge  amount  oi  pyrite  (sulphide  of  iron) . 
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Analyses  of  other  coals  for  comparison. 


LocaUty. 


PaniigylT»Dl»,>nthraclte 
(arerageof  9)0 

Walea,  anthracite  (aver- 
age of  4)fr 

lioyalaock,    aemianthra- 
cite  (arerage  oti)o 

Pocahontas,  semibituml- 
nona  (arerage  of  88)  <<. . . 

Gtoorges  Creek,  semibita- 
mmoii8(aTerage  of  12) «. 

Qeorgea  Creek,  semibita- 
minoQB<No79Qe8)e 

Georges  CreekjSemibita- 
minoas  (No.  9011)  • 


Georges  Oeek.  semibitn- 
mlnon8(No.9U04)e 


Georges  Creek,  semlbita- 
minons  (No.  9008) « 

Pocahontas  (Oninne- 
mont),  semibitomlnous 
(arerage  of  17)/ 

New  South  Wales  (soath- 
em  coal  fields),  bitomi- 
nons  (arerage  of  21)  9. . . 

Wales,  bitmninous  {aver- 
age of  87)* 

Comox,  bitnminoos  (av- 
erage of  4)  < 

Naniamo,  bituminous 
(arerage  of  4) ' 

New  South  Wales  (wes^ 
em  coal  field),  bitumi- 
nous (average  of  13)  i. . . 

New  South  Wales  (north- 
em  coal  field),  bitumi- 
nous (average  of  77)  /. . . 


8.812 


5.94 


11.074 


17.48 


18.95 


17.89 


18.61 


18.19 


20.16 


19.98 


a 

I 

8 
i 


83.790 


91.42 


78.883 


77.71 


74.11 


74.28      6.18 


< 


8.417 


2.62 


7.696 


4.68 


6.08 


75.06 


72.41 


71.50 


75.20 


5.61 


8.78 


7.56 


4.27 


28.10      65.26     10.67 


8.22 


1.80 
2.19 

1.8? 

1.92 


27.00 

68.09 

28.63 

62.78 

80.76 

66.52 

31.49 

62.61 

85.09 

54.08 

6.96 


10.53 


14.08 


8.91 


P 
P. 

9 
an 


0.502 


.861 
.62 
.67 
.60 

.n 

.66 
.55 

.67 

.462 
1.43 


g 


n 


8,406 
7,984 


8,144 
7,708 
7,968 

8,415 


.626 


.541 


8,402 


16,178 


15,202 


Recalculated. 


Fuel 
elements. 


9 

^^ 

O 

> 


II 


4.85 


6.11 


12.81 


18.32 


20.86 


19.41 


19.87 


20.08 


21.97 


2a  95 


26.14 


28.39 


31.35 


85.24 


87.44 


38.23 


95.65 


93.89 


87.68 


81.68 


79.64 


80.60 


80.10 


78.06 

79.05 

78.86 
71.61 
68.66 
64.76 

62.56 

61.77 


o 
g 


21.99 


15.80 


7.12 


4.46 


a9i 


4.15 


4.08 


79.92      3.98 


3.56 

3.77 

2.83 
2.52 
2.19 
1.84 

1.67 

1.62 


aAahbnmer,  C.  A.,  Ann.  Rept.  Geol.  Survey  Pennsylvania,  1885,  p.  313. 

^Lob6,  Ed.,  Les  Charbons  Britanniques  et  leur  lilpuisement,  vol.  1,  p.  386. 

« Aahbumer,  C.  A.,  Ann.  Ropt.  Geol.  Survey  PenuHylvania,  1885,  p.  318. 

<*  White,  I.  C,  Qeol.  Survey  West  Virginia,  vol  2,  pp.  895,  606,  700. 

« These  are  furnished  by  Dr.  W.  B.  Clark,  State  geologlHt  of  Maryland,  and  will  be  published 
in  a  forthcoming  report  of  the  Maryland  Geological  Survey  on  the  coal  of  that  state. 

/White,  I.  C,  Geol.  Survey  West  Virginia,  vol.  2,  p.  670. 

gPittman,  E.  P.,  Mineral  Resources  of  New  South  WaloH,  1901,  pp.  324-348. 

*  Poole,  H.,  The  Calorific  Power  of  Fueln,  1898,  p.  223. 

<  Dawson,  G.  M.,  Mineral  Wealth  of  British  Columbia:  Geol.  Nat.  Hist.  Survey  Canada,  new 
aer.,  vol.  8,  pt.  2,  p.  98  R. 

J  Pittman,  E.  P.,  Mineral  Resources  of  New  South  Wales,  19(n,  pp.  824-348. 

The  seams  now  exposed  in  the  valley  of  Shepherd  Creek  are  the 
most  promising  coals  seen  by  the  writer.  They  not  only  possess  the 
greatest  thickness  and  are  largely  free  from  bands  of  shale  and 
other  impurities,  but,  as  the  above  table  shows,  are  the  purast  coals 
and  have  the  highest  heating  power.    Its  composition  shows  it  to  be 
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nearly  seniianthracite,  of  somewhat  the  composition  of  the  coal  of 
the  Bernice  basin  (Loyalsock)  in  Pennsylvania,  although  it  is  purer 
and  has  a  higher  heating  power  than  that  coal.  It  differs  from  the 
anthracite  of  Pennsylvania  and  Wales  in  having  more  volatile  mat- 
ter in  proportion  to  the  amount  of  fixed  carbon.  In  the  ratio  of 
fixed  carbon  to  volatile  matter  it  is  nearer  to  the  Bernice  basin  coal 
than  to  any  other  coal  that  reaches  the  general  market.  It  is  almost 
identical  in  heating  power,  as  well  as  in  the  low  amount  of  impuri- 
ties, with  the  Pocahontas  steam  coal  of  West  Virginia,  but  excels 
this  coal  by  having  a  higher  proportion  of  fixed  carbon.  There  is 
no  other  coal  with  which  it  is  likely  to  come  into  general  competi- 
tion with  which  it  is  to  be  compared,  for  it  is  far  higher  in  heating 
power  and  in  purity  than  any  coal  that  is  mined  on  the  Pacific 
coast,  whether  in  the  United  States,  in  Canada,  or  in  Australia. 

The  seams  opened  1  mile  northwest  of  Canoe  Landing  on  Shepherd 
Creek,  and  also  near  the  headwaters  of  Trout  Creek,  are  probably 
representative  of  the  thinner  seams  of  this  region.  These  coals 
differ  from  the  coal  of  the  20-foot  seam  in  having  a  less  amount  of 
fixed  carbon  in  proportion  to  the  volatile  matter  and  in  having  a 
higher  percentage  of  ash  and  sulphur.  The  heating  power  is  con- 
sequently less.  They  resemble  coals  of  the  semibituminous  type 
that  enter  the  market  as  high-grade  steam  coals.  They  correspond 
in  texture,  composition,  and  heating  power  to  the  high-grade  Poca- 
hontas (West  Virginia)  and  Georges  Creek  (Maryland)  steam  coals, 
and  also  to  some  of  the  semibituminous  coals  of  Wales. 

The  coke  exposed  in  the  southern  end  of  Carbon  Mountain  is  an 
interesting  deposit,  which  may  prove  of  considerable  value.  The 
analysis  shows  it  to  be  of  great  purity  and  high  heating  power.  It 
will  be  seen  from  the  section  given  on  page  30  that  it  is  broken  up 
by  partings  into  a  number  of  thin  seams,  which  vary  considerably 
in  thickness  within  short  distances.  It  may  be  that  some  of  these 
will  be  found  sufficiently  thick  and  persistent  to  be  of  economic  im- 
portance. Part  of  the  coke  is  dense  and  hard  and  shows  a  w^ell- 
marked  columnar  structure.  The  latter  will  break  into  fine  frag- 
ments on  handling,  and  will  thus  be  at  a  disadvantage  from  the 
market  standpoint.  The  product  should  be  carefully  screened  and 
then  the  lump  will  make  a  domestic  fuel  of  high  grade. 

Methods  of  shipment. — There  is  now  no  local  market  for  the  coal 
of  this  field,  which  therefore  necessitates  shipping  for  long  dis- 
tances. It  is  out  of  the  question  to  thiuK  of  building  railroads  to 
a  market,  because  of  their  length,  the  difficulties  and  expense  of 
railway  construction,  and  the  ease  of  water  transportation.  The 
available  harbors  are  Controller  Bay  and  Katalla  Bay,  and  each 
of  these  has  its  disadvant^iges.  The  water  of  Katalla  Bay  is  appar- 
ently very  deep  to  a  short  distance  from  the  shore,  though  it  is 
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said  to  be  obstructed  by  an  uncharted  bar,  and  it  is  at  present  not 
known  how  firm  the  anchorage  would  be.  The  bay  is,  however, 
exposed  to  winds  from  the  south.  It  is  said  that  even  the  largest 
ships  can  run  in  close  to  the  eastern  shore  of  Fox  Islands,  where  they 
would  be  sheltered  from  all  winds  except  those  coming  from  a  little 
cast  of  south. 

Controller  Bay  has  the  disadvantage  of  being  shallow  over  a  large 
part  of  its  area  and  of  being  filled,  at  certain  seasons  of  the  year, 
with  drift  ice  brought  down  Bering  and  other  rivers  from  the  Bering 
Glacier.  The  present  steamer  landing  is  at  the  village  of  Kayak, 
on  the  eastern  shore  and  near  the  southern  end  of  Wingham  Island. 
The  ships  enter  through  a  narrow  passage  between  Kayak  and  Wing- 
ham  Island,  over  a  bar  only  to  he  crossed  at  half  or  full  tide.  There 
is  another  anchorage  off  the  northern  end  of  Wingham  Island; 
though  accessible  at  all  times,  it  is  farther  from  shore  and  directly 
in  the  track  of  the  drift  ice. 

There  are  several  possible  routes  of  transportation  from  the  mines 
to  the  harbors.  The  most  direct  route  from  Katalla  Bay  to  the 
coal  fields  would  be  in  a  straight  line  up  the  western  side  of  Katalla 
Valley,  over  Katalla  Pass  (only  a  few  scores  of  feet  above  tide) ,  along 
the  west  shore  and  northern  end  of  Bering  Lake,  and  up  the  western 
side  of  the  valley  of  Shepherd  Creek.  From  the  coal  openings  in  the 
headwaters  of  Shepherd  Creek  the  road  could  be  extended,  around  the 
edge  of  the  flat  land  which  forms  the  peninsula  between  Shepherd 
Creek  and  Bering  River,  into  the  valley  of  Lake  Kushtaka ;  thence 
down  the  valley  of  Stillwater  Creek,  up  Trout  Creek,  and  finally  up 
Bering  River  and  Canyon  Creek.  Such  a  road,  with  branches  to 
reach  all  the  existing  coal  openings,  would  be  about  44  miles  in  length, 
divided  as  follows : 

Routes  of  transportation  between  mines  and  harbor,  Katalla  Bay, 

Miles. 
Pox  Islands  to  mouth  of  Shepherd  Creek 20 

Mouth  of  Shepherd  Creek  to  coal  of)eiilnjj:s  on  Carlwu  Creek G 

Mouth  of  Shepherd  ('reek  to  mouth  of  Stillwater  Creek 8 

Month  of  StiUwater  Creek  to  eoal  openings  on  Trout  Creek 4 

Mouth  of  Stillwater  Creek  to  coal  oi)eninp4  on  Canyon  Creek G 

This  route  would  have  the  advantage  of  a  deep  (though  not  very 
secure)  harbor  free  from  glacial  drift  ice,  of  distance,  of  a  low  grade 
irom  the  harbor  to  the  mines,  and  of  the  absence  of  bridges  over  large 
streams  which  are  liable  to  severe  floods. 

Another  route  would  be  from  a  long  pier  extending  into  Con- 
troller Bay  from  Point  Hey  over  Kanak  Island.  This  route  would 
extend  from  Point  Hey  northwestward  to  Katalla  River;  thence 
up  the  east  side  of  that  river  to  Bering  Lake,  where  it  would  join  the 
route  outlined  alwve.     It  would  l)e  1  to  2  miles  longer  than  the  fii-st 
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route.  A  third  route  would  extend  from  a  long  pier  on  the  eastern 
side  of  Controller  Bay  up  the  tidal  flats  east  of  Bering  River,  past 
the  east  end  of  Bering  Lake  and  across  Bering  River  above  its  en- 
trance into  the  lake;  from  here  branches  could  be  built  up  the  east 
side  of  Shepherd  Creek  and  up  the  northern  bank  of  Bering  River 
on  the  extension  of  the  first  route.  The  length  of  this  road  would 
be  15  miles  from  the  pier  to  the  junction  on  the  north  bank  of 
Bering  River.  The  distances  from  this  point  to  the  coal  openings 
on  Carbon  Creek,  and  to  the  mouth  of  Stillwater  Creek,  are  17 
miles.  This  route  would  have  the  advantage  of  a  more  secure  harbor 
than  the  first  one,  and  also  the  advantage  of  a  saving  in  distance. 
It  would  have  the  disadvantage  of  crossing  Bering,  Nitchawak,  and 
other  rivers,  which  are  liable  to  severe  floods  every  year,  and  the 
further  disadvantage  of  having  its  harbor  liable  to  be  blocked  with 
ice  during  some  of  the  winter  months. 

Another  possible  route  would  extend  from  the  eastern  shore  of 
Controller  Bay  northeastward  until  it  reached  the  dead  moraine  of 
the  Bering  Glacier;  thence  northward  along  the  moraine  to  the 
shore  of  Bering  River  at  or  near  the  mouth  of  Stillwater  Creek. 
From  this  point  branches  could  be  built  up  Bering  River  to  Canyon 
Creek,  up  Stillwater  Creek  to  the  coal  openings  on  Trout  Creek  and 
Lake  Kushtaka,  and  either  from  the  lake  to  Carbon  Creek  or  by  an 
independent  route  down  Bering  River  and  up  Shepherd  Creek  to 
Carbon  Creek.  This  route  would  have  the  advantage  of  easy  and 
cheap  grading  over  the  dead  gravel  moraine  and  of  crossing  the 
rivers  nearer  their  sources  by  a  larger  number  of  small  bridges 
rather  than  by  a  few  large  ones.  It  would  have  the  disadvantage 
of  being  somewhat  longer  than  the  last  route.  The  petroleum  could 
be  shipped  from  the  same  harbor  as  the  coal,  and  as  the  petroleum 
belt  is  nearer  the  coast  the  problem  of  transportation  prior  to  water 
shipment  would  not  be  a  serious  one.  The  wells  which  have  been 
drilled  up  to  the  present  time,  and  probably  those  which  will  be 
drilled  in  the  immediate  future,  are  near  the  coast,  so  that  transporta- 
tion to  the  piers  could  be  effected  by  very  short  pipe  lines.  The  pros- 
pective railroad  to  the  coal  mines  would  not  at  all  be  needed  for  the 
petroleum. 

If  a  field  should  be  developed  on  Nitchawak  River  or  to  the  east- 
ward in  the  Yaktag  region  a  long  pipe  line  would  be  necessary,  and 
shipments  would  have  to  be  effected  either  from  the  eastern  shore  of 
Controller  Bay  or  the  pipe  line  could  be  carried  across  Bering  River. 
It  is  said  a  company  owning  claims  in  this  region  has  made  surveys 
for  a  pipe  line  from  Controller  Bay  to  Cape  Yaktag,  a  distance  of 
about  75  miles. 
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CX>OK  INIiBT  PBTROIiEUM  FIEUJS. 

QEOQRAPHT. 

The  region  under  discussion  occupies  the  western  shore  of  Cook 
Inlet  from  the  foreland  on  the  north  side  of  the  entrance  of  Chinitna 
Bay,  southwestward  for  about  40  miles,  to  the  mouths  of  Enochkin** 
and  Iliamna  bays,  and  extends  inland,  with  a  maximum  width  of 
about  10  miles,  to  the  crystalline  rocks  at  the  eastern  front  of  the 
Chigmit  Mountains.  Its  coast  includes  the  deep  indentations  of 
Chinitna,  Enochkin,  and  Iliamna  bays,  and  the  lesser  ones  of  Oil  and 
Dry  bays  (PL  IV). 

The  region  includes  a  high  mountain  range,  a  range  of  lower 
hills,  and  an  intervening  valley  region.  The  rugged  Chigmit  Moun- 
tains have  an  average  elevation  of  about  3,500  feet,  and  are  parallel 
to  the  general  shore  of  the  inlet.  The  Tilted  Hills  from  the  mouth 
of  Enochkin  Bay  northeastward  to  Snug  Harbor  run  parallel  to 
the  coast  at  the  distance  of  a  mile,  and  have  a  general  elevation  of 
about  2,200  feet  (PL  V).  An  area  of  depression  occupies  the  posi- 
tion between  these  two  ranges,  and  consists  of  many  valleys  drained 
by  streams  flowing  into  the  bays  named  above,  and  of  irregular,  low, 
rounded  hills.  The  divides  between  the  drainage  systems  are  low 
and  permit  easy  portages.  The  streams  are  all  small,  for  the  most 
part  unnamed,  and  entirely  unnavigable. 

The  lowlands  are  covered  with  dense  vegetation  and  consist  of 
about  half  meadow  and  half  forest.  The  meadows  are  deeply 
grassed  and  are  dotted  with  groves  of  cottonwood  and  thickets  of 
alder  and  willow.  The  forests  consist  of  a  fair  growth  of  spruce  and 
hemlock,  and  though  trees  are  not  large,  they  are  straight  and  sound. 

A  wagon  road  has  been  built  from  the  lower  landing  point  of 
Enochkin  Bay  to  the  head  of  Oil  Bay,  and  there  are  cleared  trails 
from  the  head  of  Oil  Bay  to  Dry  Bay,  to  the  head  of  the  eastern  arm 
of  Enochkin  Bay,  and  to  a  point  on  the  shore  of  Enochkin  Bay  2 
miles  above  the  lower  landing.  There  are  also  two  trails  from  Dry 
Bay  to  the  shores  of  Chinitna  Bay,  and  a  portage  trail  from  the  head 
of  Enochkiii  Bay  to  the  head  of  Chinitna  Bay.     (See  PL  IV.) 

GEOLOGY. 

The  rocks  of  this  region  consist  of  a  zone  of  massive  crystallines, 
exposed  in  the  Chigmit  Mountains;  a  sedimentary  formation  of 
Jurassic  age  in  a  belt  east  of  them,  and  a  series  of  overlying  agglom- 
erates, shales,  and  bedded  volcanic  flows,  which  are  exposed  in  the 


«Tbl8  has  been  variously  spelled  as  Inerskln,  Innerskln,  Inlsohen,  and  Innlsken,  but 
that  here  given  Is  said  to  be  the  correct  spelling  of  the  Russian  name. 
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Tilted  Hills.  The  forinations  lie  in  l)elts  parallel  to  the  coast.  The 
relation  of  the  sedimentaries  to  the  crj^stallines  is  complex  and 
obscure,  but  the  remainder  of  the  series  is  conformable  throughout 
(except  for  an  unconformity  between  the  Jurassic  and  the  Tertiary) 
and  is  gently  and  simply  folded.     The  general  section  is  as  follows: 

General  section  of  the  Cook  Inlet  petroleum  fields. 

Tertiary :  Feet. 

Sandstone,  shale,  and  conglomerate  with  fossil  trees  and  leaves ICM)? 

Upper  Jurassic: 

Naknek  formation:  Interbedded  sediments  and  volcanic  rocks  (ar- 
kose,  andesite,  tuff,  sandstone,  and  shale) 5,000 

Agglomerate  (best  developed  on  Enochkin  Bay) 300 

Middle  Jurassic : 

Enochkin  formation  (shale  and  sandstone  with  some  conglomerate).  3,000? 
Pre-Jurassic : 

Coarse  crystalline  rocks. 

PRE-JURASSIC   CRYSTALLINES   AND   INTRUSIVES. 

The  crystalline  rocks  of  the  Chigmit  Mountains  extend  along  the 
entire  western  shore  of  Enochkin  Bay  and  both  shores  of  the  northern 
arm  of  that  bay.  There  is  considerable  variety  in  the  series,  but 
granite  and  rocks  similar  in  texture  and  general  appearance  pre- 
dominate. 

The  exposures  along  the  eastern  margin  of  this  belt  consist  of 
basalts  varying  considerably  in  appearance.  The  eastern  side  of  the 
point  between  the  arms  of  Enochkin  Bay  contains  good  exposures  of 
a  reddish  porphj^ritic  rock.  A  greenish  rock  is  exposed  east  of  this 
on  the  northern  shore  of  the  eastern  arm  of  the  bay,  and  a  rock  of 
similar  color  and  appearance  is  exposed  on  the  north  shore  of  Chi- 
nitna  Bay.  These  rocks  were  shown  by  microscopic  study  to  be  of 
identical  mineralogic  composition,  and  were  determined  to  be  basalt. 

The  basalt  may  be  either  a  memlxir  of  the  pre-Jurassic  crystalline 
complex  which  forms  the  main  mass  of  the  Chigmit  Mountains  and 
the  backbone  of  the  Alaska  Peninsula,  or  a  post-Jurassic  intrusive. 
The  writer  is  inclined  toward  the  former  view. 

MIDDLE  JURASSIC  ROCKS. 

Enochkin  formation, — The  rocks  overlying  the  crystallines  consist 
of  a  thin  conglomerate  at  the  base,  followed  by  more  than  3,000  feet 
of  dark  sandy  shales  with  occasional  bands  of  sandstone,  conglomer- 
ate, and  limestone  and  many  fossil  beds;  they  are  well  exposed  in  the 
cliffs  on  the  east  shore  of  Enochkin  Bay.  Rocks  of  the  same  litho- 
logic  character  extend  along  the  strike  northward  from  these  expo- 
sun»s,  passing  the  heads  of  Oil  and  Dry  bays  to  Chinitna  Bay.  They 
have  not  been  followed  by  the  writer  beyond  the  north  shore  of 
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Chinitiia  Ba)%  but  from  the  great  thickness  exposed  it  is  evident  that 
they  must  extend  thence  a  considerable  distance.  Kocks  of  simihir 
lithologic  character  have  been  reported  from  the  vicinity  of  Snug 
Harbor."  Fossils  are  distributed  throughout  the  entire  thickness  of 
the  formation,  and  show  the  age  to  be  middle  Jurassic. 

A  generalized  section  of  the  Enochkin  formation  is  as  follows: 

(Generalized  section  »  of  Enochkin  formation. 

Feet. 
Dark-drab  shale  with  abundant  limestone  concretions  and  with  numer- 
ous fossils  (zone  D) 1,283 

Concealed 25 

Sandy  shale  with  many  fossils  (zone  C) 50 

Concealed 20 

Shale  with  some  sandstone 150 

Conglomerate  10 

Concealed 

Shale  with  several  fossil  bands  (zone  B) 50 

Concealed 

Shale  with  one  or  more  fossil  bands  (zone  A) 30 

Concealed 

Shale    12 

Coarse  conglomerate  20 

1,650-t- 

The  lowest  bed  is  a  basal  conglomerate  about  20  feet  thick.  The 
pebbles  are  large  (averaging  several  inches  in  diameter)  and  were 
derived  from  crystalline  rocks,  principally  granite.  The  shales  at 
their  very  contact  with  the  conglomerate  are  fossiliferous. 

The  point  at  the  south  side  of  the  entrance  to  the  eastern  arm  of 
Enochkin  Bay  ^  shows  several  outcrops  of  shale,  with  several  beds 
abundantly  filled  with  fossils,  each  bed  being  from  10  to  25  inches 
thick.  About  30  feet  of  shale  is  exposed.  The  strata  immediately 
above  and  below  are  concealed,  and  there  are  no  good  exposures  between 
this  point  and  the  contact  1  mile  northeast,  described  al>ove,  nor  for  a 
distance  of  1  mile  Ix^low  it.  At  the  latter  point  good  exposures  again 
begin  and  are  continued  along  the  shore  for  a  distance  of  about  3 
miles,  the  strata  exposed  in  this  interval  being  dark,  sandy,  fossilifer- 
ous shales.  Fossils  were  collected  from  these  zones,  but  were  mixed  in 
transportation,  and  it  is  consequently  not  possible  to  give  the  faunal 
lists  separately.  The  specimens  of  the  combined  faunas  have  been 
submitted  to  Dr.  T.  W.  Stanton,  who  determined  the  following  species 
and  assigned  the  faunas  to  the  middle  Jurassic. 

«  These  beds  were  traced  as  far  north  as  Snug  Harbor  during  the  summer  of  1904. 

•The  concealed  intervals  in  this  section  are  very  large.  The  total  thickness  probably 
exceeds  3,000  feet. 

•On  tbis  point  are  also  large  masses  (not  in  place)  of  brown  sandy  sbale;  there  are 
nnmerous  bowlders  of  ttils  rock,  but  no  exposures  in  place.  The  bowlders  are  always 
near  the  basal  contact  of  the  Enochkin  formation  and  can  not  have  been  transported  far. 
The  sandstones  from  which  these  probably  came  were  seen  during  the  summer  of  IQQA  Vxi 
the  region  to  the  northward. 
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Specimens  frotn  sandy  fossiUferous  shales^  Enochkin  Bap, 

2919. — East  shore  of  Enochkin  Bay,  Cook  Inlet,  above  lower  cabin,  lones  A 
nnd  B  In  lower  part  of  Enochkin  formation. 
Beleninltes  sp.    Fragments. 
Thraela  sp. 

Trigonia  doroscbini  RIchwald.    Abundant 
Trigonia  sp.    Belongs  to  Clavellatie  group. 
Gramma todon?  sp.  a. 
Pseudomonotis?  sp. 

Pecten  sp.    A  single  very  small,  smooth  form. 
Ostrea  sp.    Fragmentary  specimens  of  a  small  irregular  species. 

A  total  thickness  of  the  foregoing  beds  of  probably  150  feet  is 
exposed,  and  then  the  continuity  is  broken  by  a  fault  having  a  dis- 
placement of  at  least  25  feet,  beyond  which  the  following  section  is 

exposed: 

Section  of  part  of  Enochkin  formation. 

Feet 
Soft  shale 20 

Dark-drab  shale  with  scattered  fossils 33 

Hard  calcareous  shale  full  of  fossils,  principally  pelecypods 2 

Black  sand 1 

Dark  shale 5 

Black  sand 1 

Dark  shale  with  many  fossils 12 

Reddish  limestone i 

Dark  shale  with  many  fossils 14 

Dark  shale  with  scntterwl  fossils. 62 

Soft  dark  sandstone  with  streaks  of  conglomerate 10 

lOOi 

A  concealed  interval  of  about  20  feet  in  thickness  succeeds  this 
section.  Then  there  is  an  exposure  of  about  50  feet  of  fossiliferous 
shale,  followed  by  another  concealed  interval  of  about  20  feet.  A 
richly  fossiliferous  zone  is  exposed  here,  from  which  a  representative 
collection  was  made.  The  following  forms  have  been  identified  by 
Dr.  T.  W.  Stanton,  who  considers  the  fauna  to  be  of  middle  Jurassic 
age. 

^peciinens  from  richly  fossiliferous  shale,  Enochkin  Bay. 

2000. — East  shore  Enochkin  Bay,  below  and  near  lower  cabin,  zone  C,  about  800 
foot  above  base  of  Enochkin  formation. 
Stophanooerns  sp. 
Belomnltes  sp.  a. 
Beleiuniti's  sp.  b.    Abundant 
Boloninltes  sp.  c. 
Gramma  todon?  sp.  a. 
(Jramiiiu todon?  sp.  b. 

Inocvramns  oxiniius  p]lchwald.«    Abundant. 
Peotoii  sp.     Small  form,  same  as  In  lot  2010. 
Pecten  sp.     Large  Individual  tliat  may  bo  adult  of  last  named. 

"  The  fopmR  deRcrUxHl  by  Eicliwald  as  /.  vritnius,  I.  atnhiffuuf*,  and  i.  porrrctun  may  all 
heionj^  to  one  H;>oeJes. 
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Grood  exposures  continue  from  this  point  to  the  mouth  of  the  bay. 
This  shows  not  only  the  upper  part  of  the  Enochkin  shales  but  also 
much  of  the  overlying  strata.  The  upper  part  of  the  Enochkin 
formation  as  here  exposed  is  as  follows : 

Section  of  upper  part  of  Etiochkin  formation. 

Feet. 
Dark-drab  sbale,  with  numerous  bands  of  limestone  concretions  filled  with 

well-preserved  specimens  of  Cadoceras,  Belemnites,  etc.,  and  with  occa- 
sional sticks  of  fossilized  wood 146 

Concealed  by  talus  at  "  Mushroom  Rocks"  (computed) 77 

Dark  shales,  as  above,  with  same  concretions,  wood,  and  fossils 190 

Dark  shales,  as  above,  with  Cadoceras 6 

Limestone    1 

Dark  shales,  as  above,  with  fossils 68 

Shales,  as  above 295 

Ck>ncealed  by  talus  (computed) _ 300 

Shales,  as  above,  with  Cadoceras 200 

1,283 

Fossils  were  collected  from  the  entire  thickness  of  these  beds.  Dr. 
T.  W.  Stanton  has  identified  the  following  forms,  which  show  rela- 
tionship with  the  Callovian  fauna  occurring  in  Europe  near  the  top 
of  the  middle  Jurassic. 

Fossils  from  upper  pari  of  Enochkin  formation,  Enochkin  Bay, 

2921. — East  shore  of  Enochkin  Bay  for  a  mile  below  lower  cabin,  zone  D,  upper- 
most 1,200  feet  of  "  Enochkin  shales :" 
Cadoceras  doroschini  (Eichwald).    Abundant 
Cadoceras  wosnessenskii  (Grewingk). 
Cadoceras  schmidti  PompeckJ. 
Cadoceras  catostoma  PompeckJ? 
Cadoceras  sp. 
Macrocephalites?  sp. 
Phylloceras  subobtusi forme  PompeckJ? 
Stephanoceras  sp.    Form  figured  by  Eichwald  as  Amm.  astierianus 

d'Orb.    air. 
Belemnites  sp.  a.    One  specimen. 
Goniomya  sp.    One  small  specimen. 
Lima  sp. 

Pecten  sp.    Small,  smooth  form. 
Pleuromya?  sp.    One  specimen. 

Serpula?  sp.     Small  discoidal  form  abundant  in  -one  rock  fragment. 
Several  undetermined  bivalves  represented  by  imperfect  material. 


•     •«.    . 
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Compiled  detailed  section  of  the  Enochkin  formation. 

Zone  D :  Feet. 
Dark-drab  sbale,  with  numerous  bauds  of  limestone  concretions  filled 
with  well-preserved  specimens  of  various  cepbalopods  and  beiem- 

nites  and  with  occasional  sticks  of  fossilissed  wood 146 

Concealed  by  talus  (all  shale  as  above),  thickness  computed 77 

Shales  as  above,  with  same  concretions  and  wood 196 

Limestone    1 

Shales  as  above 363 

Shales  (partly  concealed  by  talus),  thickness  computed 300 

Shales  as  above 200 

Concealed    25  + 

Zone  C : 

Sandy  shales  with  many  fossils 50 

Concealed 20 

Soft   shale 20 

Dark-drab  shale  with  scattered  fossils 33 

Hard  calcareous  shale  full  of  fossils,  principally  pelecypods 2 

Black   sand 1 

Dark    shale 5 

Black    sand i 1 

Dark  shale  with  many  fossils 12 

Reddish    limestone i 

Dark  shale  with  many  fossils , 14 

Dark  shale  with  scattered  fossils 62 

Dark  soft  sandstone  with  streaks  of  conglomerate 10 

Concealed 

Zone  B : 

Shale  with  several  fossil  bands 50 

Concealed 

Zone  A : 

Shale  with  one  or  more  bands  packed  with  fossils,  each  fossil  bed  10 

to  25  inches  thick 30 

Concealed    

Shale    la 

Coarse    conglomerate 20 

Unconformity    

Greenish   l)asalt 

The  following  section  was  measured  at  Oil  Bay.     It  is  the  opinion 

of  the  writer  that  the  lower  1,21>4:  feet  represent  the  upper  part 
(zoneD)  of  the  Enochkin  formation: 
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Section  on  north  shore  of  Oil  Jiay. 
Naknek  formation: 

Arkose,  nndeBite,  sandRtoiie,  c"oii«?lonicrate,  and  sliak* 2.000 

Sandy  shale  with  Aucclla  near  base tiOO 

Shale  with  fossils 380 

Coarse   sandstone 3 

Shale   with   fossils 1G5 

Concealed    40 

Sandstone  and  sandy  shale  with  plant  iuipresslous 310 

3,408 

Naknek  formation  ? : 

Agglomerate  with  an  abundance  of  small  pebbles  one-twelfth  to 
one  twenty-fifth  inch  in  length,  and  with  numerous  poorly  pre- 
served plant  impressions 7 

Sandy  shale  and  sandstone 85 

Agglomerate  with  iKjbbles  as  above 3 

Shale 1 

Fine  agglomerate  of  same  pebbles  as  alwve 7 

Fine  agglomerate  of  same  pebbles  as  above,  but  interbedd(»il  with 

shale 14 

Olive  shale  o  with  an  abundance  of  small  pebbles  as  above ;30 

147 

Rnoehkin  formation: 

Dark  shale  with  (concretions 600 

Hard  dark  sandstone i-| 

Dark -drab  shale  with  numerous  concretions 530 

Calcareous  shale  with  Cadoceras  scbmidti   romi>eckj,   CadcK-eras, 

sp.  cf.  stenoloboide  PompeckJ,  and  Phylloceras 1 

Dark   shale GO 

Soft   green   sandstone i 

Dark-drab    shale 12 

1,204 

The  cliffs  on  the  north  shore  of  Chinitna  Bay  expose  a  thickness  of 
many  hundred  feet  of  the  upper  part  of  the  P^nochkin  shales.  Exact 
measurements  were  not  made  here,  so  it  is  impossible  to  tell  what  pro- 
portion of  the  formation  remains  below  water  level.  The  cliffs  south 
of  the  bay,  on  the  landward  escarpment  of  the  coast  range,  also  show 
a  thickness  of  many  hundred  feet  of  the  same  rocks.  Neither  section 
has  been  studied  in  detail. 

Fossils  are  distributed  throughout  the  entire  thickness  of  the 
Enochkin  formation,  and  show  the  age  to  be  Jurassic.  It  consists  of 
at  least  two  well-marked  paleontologic  subdivisions.  The  lower  800 
or  1,000  feet  contain  several  faunules,  in  which  the  pelecypods  pre- 
dominate (zones  A,  B,  and  (.^),  and  which  Dr.  T.W.  Stanton  considers 
middle  Jurassic.    The  upi>er  1,300  feet  (zone  D)  are  characterized 

'  Indeterminate   fragments   of  a   crustacean,   evidently   not   related   to   the   one   from 
Bering  Lake  (see  p.  14),  were  collected  5  feet  above  the  base  of  this. 
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by  the  abundance  of  large  cephalopods,  especially  several  species  of 
Cadoceras^  which,  with  the  Belemnites^  predominate  over  all  other 
forms.  Dr.  Stanton  places  this  fauna  near  the  top  of  the  middle 
Jurassic,  it  possibly  being  the  equivalent  of  the  Callovian.  It  is  to 
be  (compared  with  the  Jurassic  rocks  from  Cold  Bay  described  by  Dr. 
W.  H.  Dall  and  also  in  this  report,  and  with  those  described  by  Doc- 
tor Dall  from  Tuxedni  Harbor  (Snug  Harbor),  Kamishak  Bay,  and 
other  localities  on  the  Alaska  Peninsula. 

UPPER  JURASSIC  ROCKS. 

The  Enochkin  shales  are  overlain  by  a  series  of  volcanic  flows  of 
andesite  and  basalt,  and  by  coarse  agglomerate,  with  much  inter- 
bedded  tuff,  arkose,  and  shale.  While  the  agglomerate  seems  to  be 
confined  to  the  shore  of  Enochkin  Bay,  the  series  as  a  whole  forms  the 
high  coastal  ridge  which  extends  from  Enochkin  Bay  to  and  beyond 
Chinitna  Bay,  the  total  thickness  being  probably  more  than  5,000  feet. 

Agglomerate. — The  Enochkin  shales  as  exposed  in  the  type  section 
are  overlain  with  apparent  conformity  by  a  Iwd  of  agglomerate  hav- 
ing a  computed  thickness  of  290  feet.  The  pebbles  vary  in  size  from 
less  than  an  inch  to  0  or  8  inches  in  diameter,  are  well  rounded, 
and  comiK)sed  principally  of  granite,  though  occasional  pebbles  of 
some  other  crystalline  or  of  schistose  rocks  are  seen.  The  cement  is 
evidently  a  volcanic  ash  of  andesitic  character. 

The  thick  bods  of  coarse  agglomerate  have  been  seen  by  the  writer 
only  in  the  section  described  above,  and  it  is  probable  that  they  are 
a  local  facies  of  the  series  of  igneous  flows  which  outcrop  at  the 
mouth  of  Chinitna  Bay  and  along  the  shore  of  Cook  Inlet,  both  north 
and  south  of  that  point.  If  such  be  the  case,  then  the  very  fine  tuffa- 
ceous  agglomerate  described  in  the  Oil  Bay  section  (see  p.  43)  is 
probably  the  equivalent  of  the  coarser  agglomerate  exposed  a  few 
miles  southwestward  on  Enochkin  Bay. 

Naknek  formation, — In  the  section  on  the  east  shore  of  Enochkin 
Bay  the  bed  of  agglomerate  is  overhiin  by  a  series  of  very  homoge- 
neous, dark,  sandy  shales,  with  a  computed  thickness  of  583  feet.  No 
fossils  were  seen  in  these  shales  at  their  exposure  on  the  shore  of 
Enochkin  Bav. 

The  shales  are  overlain  by  an  alternating  series  of  andesite  flows 
and  l>c(ls  of  agglomerate,  the  thickness  exposed  on  the  shore  of  Enoch- 
kin Bay  b(»ing  comi)uted  at  270  feet.  Beyond  the  mouth  of  Enochkin 
Bay,  in  the  cliifs  on  the  shore  of  Cook  Inlet,  higher  l>eds  are  exposed. 
The  entire  thickness  is  not  known. 

The  I^nochkin  shale  exposed  on  the  shores  of  Chinitna  Bay  and  in 
the  Dry  Bay  and  portions  of  the  Oil  Bay  regions  is  overlain  con- 
formably by  a  series  of  arkose  and  other  sediments  interlx»dded  with 
andesitic  flows  (fig.  3).    These  with  their  relation  to  the  underlying 
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shales  are  well  exposed  on  the  southern  shore  and  near  the  mouth 
of  Chinitna  Bay.  From  this  point,  along  Cook  Inlet  to  Oil  Bay,  a 
continuous  section  of  the  series  of  flows  is  to  be  seen,  the  total  thick- 
ness of  which  has  not  been  measured,  but  is  probably  about  3,500 
feet.  The  igneous  rock  is  occasionally  interbedded  with  shales,  which 
in  the  cliffs  between  Oil  Bay  and  Dry  Bay  contained  Belemnites. 
They  are  thus  shown  to  be  of  Mesozoic  age.  Probably  the  igneous 
rocks  with  their  interbedded  shales  are  to  be  referred  to  the  upper 
Jurassic."  This  series  is  certainly  allied  in  age  and  is  the  equivalent 
of  the  Naknek  formation  which  Spurr  "  descnbed  from  the  shores  of 
Naknek  T^ke.  It  would  appear  from  Spurr's  description  of  this  for- 
mation, as  well  as  from  the  writer's  observations,  that  it  contains 
more  arkosic  material  and  less  fine,  well-assorted  sediments  than  the 
shales  of  the  Enochkin  formation.  Enough  fossils  have  been  col- 
lected from  the  Naknek  formation  to  determine  from  paleontologic 
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Fio.  S. — Ehio«likln  formBtlon,  capped  by  Naknek  formatloD,  Oil  Bay. 

evidence  the  exact  faunal  equivalency.  It  seems  best,  therefore,  in 
view  of  the  lithologic  similarity  and  tlie  relations  of  the  faunas,  to 
use  the  same  for  the  rocks  exposed  on  the  western  shore  of  Cook  Inlet. 

P08T-JURAS8IC    ROCKB. 

North  of  the  mouth  of  Chinitna  Bay  is  a  belt  of  lowland  which 
extends  eastward  for  several  miles.  The  shore  consists  of  alternate 
bhiffs  and  beaches,  the  latter  thrown  across  the  ends  of  swamps  and 
one  or  two  forming  lagoons  behind  them.     A  number  of  the  blufl's  are 

■Abundant  roulls,  iDCludlDg  Aueella  and  other  cbaracterlaUc  upper  Jurauk  forms, 
wen  mllMted  from  tbese  beds  during  the  aiimDier  ot  1004.  Docloi'  StantoD  ronaldera 
tbe  evidence  of  these  fogslla  auOlclent  botb  for  the  reference  ot  theae  bedii  to  the  upper 
Jaraailc  and  for  correlation  with  the  Naknek  formntloD  of  the  Aloata  l>enlnBula  region. 

'Spurr,  J.  B.,  A  reconnalasance  of  aoutbweatem  Alaska:  Twentieth  Ann.  Kept.  U.  S. 
Oeol.  Surre;.  pt.  7,  IBOO,  pp.  IflO-lTl. 

Ball.  880-06  K 1 
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rock  cliffs  (igneous  rock,  bedded,  as  on  south  shore  of  the  bay),  while 
the  others  are  composed  of  angular  fragments  of  the  same  rock.    The 
more  easterly  ones  are  all  of  the  latter  kind. 
The  most  easterly  of  the  rock  cliffs  shows  the  following  section: 

Section  on  north  shore  of  Chinitna  Bay. 

Feet. 
Conglomerate  with  interbedded  shale  and  sandstone,  the  last  two  carrying 

fossil  sticks  and  fragmentary  leaf  impressions 15 

Dark-gray  shale,  with  upright  tree  trunks 20 

The  strata  here  are  almost  or  quite  horizontal.  The  trees  are 
between  1  and  2  feet  in  diameter,  are  silicified,  and  show  the  structure 
of  the  wood  very  distinctly,  while  numerous  small  sticks  lie  in  the 
bedding  of  the  shale.    The  leaves  are  Tertiary  species. 

STRUCTURE. 

The  structure  of  this  region  consists  of  a  broad,  low,  somewhat 
undulating  anticline  parallel  to  the  shore  of  Cook  Inlet  and  to  the 
general  line  of  the  eastern  front  of  the  Chigmit  Mountains,  followed 
on  the  west  by  a  narrow  syncline,  beyond  which  is  a  second  very 
closely  folded  and  probably  faulted  anticline.  The  dip  in  the  broad 
easternmost  anticline  is  moderate  in  amount  and  very  regular,  except 
on  the  crest  of  the  fold,  where  it  is  undulating,  but  not  in  excess  of 
10°.  On  the  eastern  limb  the  dip  varies  from  20°  to  28°,  diminishing 
as  the  shore  is  approached,  and  on  some  of  the  long  points  and  islands 
l)ecoming  almost  or  quite  horizontal.  The  steepest  dip  in  the  south- 
western part  of  the  field  was  observed  on  the  shore  of  Enochkin  Bay, 
where  the  rocks  are  inclined  southeastward  at  an  angle  of  28°.  The 
greatest  dip  at  the  northern  end  of  the  field  is  between  half  a  mile  and 
a  mile  southeast  of  the  entrance  to  Chinitna  Bay,  where  it  varies  from 
25°  to  45°  SE.  On  the  western  flank  of  this  anticline  the  dip  is 
about  17°. 

The  nature  of  the  undulations  at  the  crest  can  be  seen  in  the  cliffs 
on  the  eastern  side  of  Enochkin  Bay.  The  dip  is  southeastward  for 
the  first  4  miles  above  the  mouth  of  the  bay,  measured  along  the  shore, 
and  averages  about  20°.  There  is  then  a  low  anticline  at  the  mouth 
of  a  small  creek,  4  miles  above  the  entrance  to  the  bay  and  half  a  mile 
below  the  lower  cabin,  which  is  situated  at  the  end  of  the  wagon  road 
to  Oil  Bay.  A  small  syncline  is  crossed  at  the  lower  cabin  or  just 
below  it.  The  dip  is  southeastward  for  about  2,000  feet  along  the 
shore  above  the  cabin,  where  the  rocks  bend  over  the  top  of  another 
low  anticline  and  dip  to  the  northwest.  Just  below  this  point  a  fault, 
with  a  displacement  of  at  least  25  feet,  extends  into  the  cliff  at  right 
angles  to  the  shore.  The  fault  plane  is  perpendicular  to  the  bedding, 
which  dips  10°  SE.     A  crevice  6  feet  wide  is  opened  along  the  fault 
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plane.  For  about  3  miles  north  from  this  fault  the  strata  undulate 
somewhat,  but  have  a  general  dip  to  the  northwest,  which  Rnally 
becomes  very  pronounced  and  is  constant  at  an  angle  of  from  15°  to 
17°  for  a  distance  of  over  a  mile,  thus  forming  the  general  western 
flank  of  the  greater  anticline. 

The  sfvncline  which  adjoins  this  anticline  on  the  west  is  a  much  nar- 
rower and  simpler  fold.  It  is  characterized  by  a  steeper  dip  on  the 
western  than  on  the  eastern  flank.  It  appears  to  die  out  toward  the 
northeast  and  was  not  recognized  on  Chinitna  Bay.  West  of  this 
syncline  is  an  anticline  in  which  the  rocks  are  badly  crumpled  and 
^Eiulted.  The  crystalline  rocks  are  exposed  on  its  western  side  and 
at  places  within  it.  The  contact  of  the  westernmost  outcrops  of  the 
shales  with  the  crystalline  rocks  appears  to  be  along  the  line  of  a 
great  fault. 

The  amount  of  pitch  of  the  axes  of  these  folds  is  not  known. 

The  contact  of  the  Enochkin  formation  with  the  underlying  crys- 
tallines has  been  seen  only  on  the  east  side  of  Enochkin  Bay.  The 
locality  on  the  south  shore  of  the  northeast  fork  of  the  bay  would  seem 
to  show  that  the  formation  rests  unconformably  upon  the  green 
porphyritic  rock,  though,  on  the  other  hand,  the  locality  across  the 
bay,  on  its  northern  shore,  suggests  that  the  green  rock  may  be 
younger  and  intruded.  Another  hypothesis  may  also  be  considered, 
namely,  that  the  Enochkin  formation  is  unconformable  upon  the 
green  rock  and  that  the  western  line  of  outcrop  of  the  former  is  along 
a  zone  of  faulting  which  has  thrown  a  block  of  the  green  rock  into 
the  dike-like  position  seen  on  the  north  shore.  The  crushed  zone 
west  of  this  locality  favors  this  hypothesis,  as  does  also  the  fact  that 
on  Chinitna  Bay,  some  distance  northeast  of  this  point,  the  contact 
of  the  Enochkin  formation  with  the  green  rock  has  transgressed  east- 
ward across  the  series  of  folds  in  the  former,  so  that  there  is  only 
one  anticline  instead  of  two,  as  on  Enochkin  Bay.  This  hypoth- 
esis is  favored  also  by  the  occurrence  of  abundant  fragments  of 
brown,  sandy,  shale  or  shaly  sandstone  along  the  western  border  of 
the  belt  occupied  by  the  Enochkin  formation. 

OCCURRENCE  OF  PETROLEUM. 

Surface  indications. — The  surface  indications  of  petrolpum  in 
this  region  consist  of  seepages  or  oil  springs  and  the  so-called  "gas 
springs."  In  the  first,  the  petroleum  may  be  seen  oozing  from  the 
cracks  in  the  rock  or  coming  out  of  the  soil.  On  the  east  shore  of 
Enochkin  Bay  a  good  seepage  was  seen  about  1,000  feet  below  the 
lower  cabin,  although  the  spring  is  covered  at  high  tide.  The  flow  is 
often  so  strong  that  the  petroleum  collects  in  large  blotches  on  the 
pool,  or  even  covers  its  entire  surface.  At  one  point  it  issues  from  a 
crevice  in  the  sliale  of  the  Enochkin  formation. 
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In  the  vicinity  of  the  cabin  at  Oil  Bay  are  a  number  of  large 
springs.  From  the  bottom  of  one  the  petroleum  is  almost  continually 
rising,  the  flow  varying,  however,  from  time  to  time,  now  almost 
ceasing,  now  becoming  very  strong.  It  is  frequently  possible  to  skim 
several  quarts  of  petroleum  from  the  surface  of  the  pool. 

About  2  miles  west  of  the  beach  at  Dry  Bay  is  a  so-called  "  gas 
spring,"  gas  of  unknown  composition  rising  in  a  continuous  stream 
of  bubbles  to  the  surface  of  the  water.  From  the  north  shore  of 
Chinitna  Bay  both  oil  and  gas  springs  have  been  reported,  but  they 
were  not  seen  by  the  writer. 

The  geologic  structure  of  this  region  has  already  been  outlined.  It 
consists  of  a  long  anticline  bending  from  an  east-west  direction 
at  the  southern  end  to  a  northeast-southwest  direction  at  the  north- 
ern end,  and  so  keeping  parallel  to  the  coast.  The  dip  on  each 
flank  is  regular  and  comparatively  moderate,  seldom  exceeding  20^. 
Although  in  the  actual  region  of  the  fold  the  strata  are  faintly  imdu- 
lating,  the  crown  of  the  arc  is  almost  flat.  Other  things  being  equal, 
the  fold  is  such,  indeed,  as  should  yield  a  good  flow  over  a  considera- 
ble area,  granting  the  existence  below  of  a  porous  reservoir  capped 
by  impervious  beds  and  filled  with  oil.  The  center  of  the  zone,  which 
at  the  present  seems  .to  be  the  most  promising,  lies  on  a  line  extending 
from  a  point  about  a  mile  above  the  lower  cabin  on  the  shore  of  . 
Enochkin  Bay  to  a  point  a  half  mile  northwest  of  the  beach  at  Oil 
Bay,  thence  through  a  third  point  2  miles  above  the  beach  at  Dry  Bay 
to  the  center  of  the  high  elitf  on  the-  north  shore  of  Chinitna  Bay. 
The  oil  sand  would  probably  be  found  nearer  the  surface  along  this 
line  than  either  to  the  southeast  or  the  northwest. 

As  in  all  cases,  however,  drilling  is  necessary  to  obtain  a  knowl- 
edge of  the  underground  conditions,  as  well  as  to  estimate  the  eco- 
nomic and  commercial  value  of  the  field.  Thus  far  this  has  l)een 
insufficient.  As  regards  the  entire  Enochkin  Bay  region,  it  is  almost 
certain  that  the  oil  will  be  confined  to  the  easternmost  anticline. 

Development. — Indications  of  petroleum  were  discovered  in  this 
region  alx)ut  fifty  years  ago.  The  first  was  taken  out  in  1882  by  a 
Russian  named  Pavelotf.  A  Mr.  Pxlelman  staked  ground  in  1892. 
His  location  was  near  the  divide  at  the  head  of  the  creeks  entering 
Oil  and  Dry  bays,  but  the  claims  were  subsequently  abandoned.  In 
1890  Pomeroy  and  Grifl'cn  also  stalved  property  at  Oil  Bay,  and 
during  the  next  year  organized  the  Alaska  Petroleum  Company. 
Work  was  l)egun  in  1808.  The  Alaska  Oil  Company  was  organized 
in  1001,  and  in  1002  began  drilling  at  Dry  Bay. 

The  first  well  at  Oil  Bay  was  beii^un  in  1808  and  has  h(HMi  drilled 
to  a  depth  of  somewhat  over  1,000  feet.  No  log  of  this  well  or  any 
very  authentic  information  can  be  obtained,  as  the  property  has 
changed  management  several  times.    It  is  reported  that  gas  was  en- 
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countered  all  the  way  below  190  feet,  and  that  considerable  oil  was 
found  at  a  depth  of  700  fi»et.  The  flow  of  oil  is  reported  as  having 
been  estimated  at  50  barrels.  On  drilling  deeper  a  strong  water  pres- 
sure was  encountered,  which  shut  off  the  flow  of  oil.  The  well  is  now 
over  1,000  feet  in  depth  and  affords  a  continuous  flow  of  gas,  which 
at  times  becomes  very  strong.  Attempts  have  been  made  to  shut  off 
the  flow  of  water  and  either  recover  the  lost  oil  or  drill  deei)er,  but 
without  success. 

A  second  well,  located  about  a  quarter  of  a  mile  west  of  the  older 
one  at  Oil  Bay,  was  drilled  during  the  summer  of  1904. 

Record  of  well  at  Oil  Ray,  as  reported  hy  Mr.  August  Bowser. 

Feet. 
Sandstone   -.  200 

Shale    120 

OU  and  flome  gas 1 

Shale  (caving) 129 

Total    450 

The  well  was  abandoned  at  a  depth  of  450  feet  because  the  shale 
caved  so  badly. 

A  third  well  located  about  250  feet  south  of  the  last  was  also  drilled 
during  the  summer  of  1904. 

The  general  sequence  of  strata  was  the  same  as  in  the  last  well,  the 
shale  continuing  to  the  bottom  of  the  hole.  The  well  was  cased  to  a 
depth  of  080  feet.  Oil  and  gas  were  encountered  at  a  depth  of  770 
feet,  there  being  three  small  oil  sands,  each  6  to  8  inches  thick  and  4 
or  5  feet  apart.  The  well  was  estimated  at  10  barrels.  The  caving 
rock  was  encountered  at  830  feet.  Work  w^as  stopped  at  a  depth  of 
900  feet  at  the  end  of  the  season.  Considerable  gas  was  encountered 
at  various  depths,  at  times  the  pressure  being  strong  enough  to  blow 
the  water  up  in  the  derrick  to  a  height  of  20  feet. 

A  well  at  Dry  Bay  was  drilled  to  a  depth  of  320  feet  in  the  summer 
of  1902  without  encountering  oil.  The  tools  were  then  lost  and  the 
hole  was  abandoned.  In  August,  1903,  a  new  well  was  started  in  close* 
proximity  to  the  first,  but  not  much  was  accomplished,  and  work  was 
discontinued  a  few  months  later  because  of  an  accident  to  the  machin- 
ery.    Nothing  has  been  done  during  the  past  season. 

The  shipment  of  petroleum  from  tliis  field  would  probably  be  from 
Enochkin  and  Chinitna  bays,  which  are  harbors  affording  safe 
anchorage  to  large  vessels  in  all  weather,  as  well  as  good  wharf  sites. 
Ships  can,  however,  anchor  in  the  mouth  of  Oil  Bay  and  off  Dry  Bay 
except  during  very  bad  weather.  If  the  docks  should  be  built  either 
at  Enochkin  or  Chinitna,  it  would  be  necessary  to  build  pipe  lines 
and  pumping  stations  to  transfer  the  product  from  the  field  to  the 
shipping  point.  This  would  not,  however,  be  a  serious  matter,  as 
divides  are  low  and  construction  and  operation  would  be  ea&y. 
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GEOGRAPHY. 

Cold  Bay  is  situated  on  the  south  shore  of  the  Alaska  Peninsula, 
at  the  southwest  end  of  Shelikof  Strait  and  opposite  the  west  end  of 
Kodiak  Island.  (See  map,  PI.  I.)  It  may  be  reached  by  steamer 
from  Seattle  either  direct  or  by  transfer  at  Valdes  or  Kodiak,  or 
from  Dutch  Harbor.  From  Seattle  the  time  is  about  fifteen  days; 
from  Valdes,  four.  It  may  also  be  reached  from  Bristol  Bay  by  a 
canoe  and  portage  route  across  the  peninsula. 

The  southern  shore  of  the  Alaska  Peninsula  is  very  sinuous,  with 
deep  indentations  and  long  rugged  forelands.  Cold  Bay,  one  of  the 
best  of  the  harbors,  is  roughly  triangular  in  shape,  about  10  miles  long 
by  7  miles  wide  at  the  mouth,  and  contains  a  very  large  area  of  deep 
water.  (See  map,  PI.  VI.)  The  surrounding  country  consists  of  an 
elevated  upland  with  gently  rounded  or  flat-topped  hills  rising  above 
it,  and  its  general  level  is  about  750  feet  above  tide.  The  higher  peaks 
rise  to  an  elevation  of  about  1,500  feet,  but  farther  back  from  the 
coast,  in  the  central  part  of  the  peninsula,  are  mountains  5,000  feet  or 
more  in  height.  Among  these  is  the  volcano  Peulik  (about  5,000 
feet) ,  situated  on  the  western  shore  of  the  southern  arm  of  Becharof 
Lake,  about  35  miles  west  of  Cold  Bay.  This  is  one  of  the  chain  of 
volcanoes  which  extends  the  entire  length  of  the  Alaska  Peninsula 
and  the  Aleutian  Islands. 

The  streams  emptying  into  Cold  Bay  and  into  the  other  bays  in  the 
vicinity  are  short  and  swift,  carrying  no  very  large  amount  of  water. 
It  is  a  striking  fact  that  in  this  part  of  the  peninsula  the  divide  be- 
tween the  Pacific  drainage  and  the  Bering  Sea  drainage  is  situated  in 
close  proximity  to  tlie  southern  shore.  For  example,  near  Cold  Bay, 
where  the  peninsula  has  a  total  width  of  about  90  miles,  the  divide  is 
nowhere  more  than  10  miles  from  the  southern  shore,  and  is,  in  some 
oases,  within  a  mile  or  two  of  the  heads  of  the  bays.  These  short, 
swift  streams  are  characteristic  of  the  entire  southern  slope  of  the 
peninsula. 

The  northern  slope  of  the  peninsula,  on  the  other  hand,  is  drained 
by  a  comparatively  small  number  of  fairly  large  rivers,  which  empty 
either  into  shallow  bays  or  directly  into  the  sea.  All  of  these  rivers 
have  lakes  at  their  headwaters  or  along  their  courses.  Lake  Becharof, 
tlie  head  of  which  is  situated  about  15  miles  from  the  landing  at  Cold 
Bay,  is  one  of  the  largest.  The  presence  of  such  lakes  and  rivers 
throughout  almost  the  entire  area  of  the  peninsula  makes  navigation 
in  canoes  or  other  small  boats  very  easy,  and  almost  all  travel  is 
accomplished  in  this  way. 

Timber  is  entirely  lacking  in  this  region,  the  only  trees  being  a  few 
small  cottonwoods,  willows,  and  scrub  alders  along  the  banks  of  the 
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streams.  The  flat  lowlands  along  the  shores  of  Cold  Bay  are  covered 
with  deep  grass,  but  the  hillsides  and  upland  region  have  no  vegeta- 
tion except  scattered  tufts  of  grass  and  moss  (PL  VII).  This  vege- 
tation is  characteristic  of  the  greater  part  of  the  Alaska  Peninsula. 
There  are  no  natives  in  the  immediate  vicinity  of  Cold  Bay.  The 
two  oil  companies  which  are  operating  in  the  region  have  brought 
their  native  employees  from  settlements  at  various  points  along  the 
shores  of  Shelikof  Strait. 

GEOLOGY. 

The  region  in  the  vicinity  of  Cold  Bay  has  been  visited  by  many 
geologists  from  time  to  time  and  a  good  deal  of  scattered  information 
is  published. 

On  one  end  of  the  promontory  at  the  eastern  entrance  to  Cold  Bay 
Pinart  obtained  a  number  of  specimens  of  Monotis  salinaria^  which 
was  subsequently  identified  and  figured  by  Fischer,  and  which  is 
a  characteristic  Triassic  form. 

The  promontory  at  the  southwestern  entrance  to  Cold  Bay,  which 
has  been  called  by  many  names,  but  is  now  known  as  Cape  Akiek, 
was  visited  by  Doroschin,  who  collected  Belemnites.  Plant  impres- 
sions which  resemble  and  have  been  considered  Calamites^  but  which 
have  been  shown  to  be  reeds  of  a  more  modern  type,  occurred  in  sand- 
stones just  above. 

The  region  was  visited  in  1895  by  Dr.  W.  H.  Dall,  who  says  of  it : 

Though  no  strata  evidently  of  Kenai  age  were  found  in  this  bay,  yet  there 
were  In  several  places  fossil  wood  and  vegetable  remains.  Near  the  northeast 
part  of  the  harbor,  east  of  a  stream  which  comes  in  here,  the  rocks  consist  chiefly 
of  calcareous  sandstones,  or  sandy  limestones,  containing  numerous  concre- 
tionary nodules  and  some  i)ebbles.  In  this  nearly  horizontal  limestone,  which  is 
very  massive  and  weathers  into  most  bizarre  shapes  near  the  shore,  we  found  a 
small  seam  of  carbonaceous  shale  with  occasional  thin  lamime  of  clear  coal. 
This  shale  is  only  a  few  inches  thick.  In  shaly  streaks  of  the  limestone  were 
vegetable  impressions  resembling  those  noted  at  Cape  Douglas.  On  the  other 
side  of  the  stream,  above  the  anchorage,  these  strata  were  arched  and  dipped 
30**  NW.  On  the  opposite  side  of  the  main  bay,  well  up  on  the  hillside,  was 
found  a  calcareous  shale  with  Impressions  of  pine  needles,  above  which  was 
a  heavy  bed  of  conglomerate  covered  by  a  hard,  perhaps  andesitic,  rock  of 
Igneous  origin.  From  fragments  fallen  from  above  it  seemed  that  this  rock  is 
more  coarse  grained  and  friable  higher  up.  It  is  unconformable  with  the  other 
rocks.  In  the  limestones  near  the  south  point  of  entrance  impressions  of  reed- 
llke  plants  and  much  fossil  wood  were  observed.  No  coal  seams  were  obser\'ed 
in  this  viclnity.o 

Well  up  on  the  northeastern  side  of  the  bay  is  a  vajley  which  a  stream  drains, 

off  the  mouth  of  which  is  anchorage.    Westward  of  the  stream  is  a  rather  high 

(2,000-2,500   feet)    ridge,    recalling    the    Mesozoic   mountains    about   Tuxednl 

Harbor,  eroded  in  benches  and  having  a  singularly  artificial  aspect.    From 

the  first  bench  on  this  ridge  Mr.  Purington  obtained  a  few  Mesozoic  fossils. 


•  Dall,  W.  H.,  Report  on  coal  and  lignites  of  Alaska  :  Seventeenth  Ann.  Bept.  U.  B. 
GeoL  Survey,  pt.  1,  p.  801. 
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the  most  noticeable  of  which  was  a  Rliynchonella,  and  a  few  others  were 
obtained  at  high-water  maris  where  the  same  ridge  came  down  to  the  beach. 
The  matrix  was  coarse  and  friable  and  the  specimens  were  few,  but  it  seemed 
certain  that  the  two  lots  belonged  to  the  same  fauna,  which  must  range  through 
at  least  1,000  feet  of  strata.  The  rock  is  chiefly  a  calcareous  shale,  barren  of 
fossils,  which  disintegrates  into  small  angular  fragments,  forming  enormous 
and  extremely  regular  talus  slopes.  Where  a  seam  of  sand  and  gravel  or 
coarse  sandstones  Is  interleaved  with  the  shales,  there  the  fossils  are  found, 
but  these  seams  are  rare.o 

The  rocks  seen  by  the  writer  in  the  vicinity  of  Cold  Bay  consist 
of  (lark-brown  arkosic  sandstone  alternating  with  conglomerates,  and 
a  few  thin  limestones  and  dark  shales  which  break  on  the  weathered 
surface  with  a  conchoidal  fracture. 

Fossils  were  collected  at  several  localities.  The  low  sandstone 
cliffs  extending  for  about  1  mile  above  the  store  at  the  lower 
landing  carry  abundant  specimens  of  Belemnites.  Dr.  T.  W.  Stanton 
has  examined  the  specimens  and  is  of  the  opinion  that  three  species, 
indicating  a  horizon  in  the  middle  Jurassic,  are  present.  He  com- 
pares them  with  the  faunas  of  the  middle  and  upper  zones  of  the 
Enochkin  formation  of  the  Cook  Inlet  region.  Fragments  of  a  small 
belemnite  were  collected  at  the  base  of  the  cliffs  2  miles  northwest 
of  Cape  Aklek.  Doctor  Stanton  considers  that  the  horizon  of  this  is 
Jurassic,  but  the  fossils  are  too  scanty  and  fragmentary  for  precise 
reference  of  the  strata.  The  rocks  at  this  point  consist  of  arkosic 
sandstones  well  exposed  in  high  cliffs.  An  ammonite  was  seen  in 
the  face  of  the  cliff  near  the  top,  showing  that  the  entire  serias  is 
Mesozoic.  Four  miles  southwest  of  this  point,  where  Oil  Creek  flows 
into  Dry  ^  Bay,  specimens  of  Cadocenis  schmidti  Pompeckj  were 
obtained.  Doctor  Stanton  believes  these  fossils  belong  at  the  same 
horizon  as  those  already  referred  to  from  the  shores  of  Cold  Bay. 

General  section  in  the  Cold  Bay-Becharof  Lake  region. 


Name  of  forma- 
tion. 

Agre. 

Lltbologic  character. 

ThicknesB. 

Post- Jurassic 

Volcanic  rock,  prob- 
ably   andesite    or 
basalt. 

Naknek  forma- 
tion. 

Upper  Jurassic 

Arkose,    conglomer- 
ate, sandstone,  and 
shale. 

3,000  to  5,000  feet. 

Enochkin  for- 
mation. 

Middle  Jurassic  . . . 

Shale,  sandstone,  and 
a  little  limestone. 

2,000  feet. 

Triassic 

Shale,  limestone,  and 
chert. 

Pre-Jurassic 

Granite,    syenite, 
etc. 

•  Op.  clt.,  p.  870. 
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The  coarse  crystalline  rocks  (granite,  syenite,  and  rocks  of  similar 
texture)  occur  in  a  belt  parallel  to  the  length  of  the  Alaska  Pen- 
insula. They  cross  the  lower  end  of  Becharof  and  Naknek  lakes 
and  possibly  underlie  the  Cold  Bay  region. 

The  Triassic  rocks  occur  on  Cape  Kekurnoi  at  the  eastern  entrance 
to  Cold  Bay,  and  on  some  of  the  capes  and  islands  to  the  northeast- 
ward. They  doubtless  underlie  the  Jurassic  throughout  the  Cold 
Bay  region. 

The  Enochkin  formation  occupies  both  shores  of  Cold  Bay,  except 
at  the  northeastern  promontory  (Cape  ifekurnoi)  and  at  the  head  of 
the  bay.  It  also  extends  in  a  belt  along  the  shore  of  Shelikof  Strait 
from  Cold  Bay  to  Dry  Bay  and  probably  as  far  beyond  as  Portage 
Bay. 

The  Naknek  formation  forms  the  shore  of  the  head  of  Cold  Bay 
and  occupies  the  entire  interior  region  as  far  west  as  Becharof  Lake 
and  as  far  north  as  Katmai. 

The  following  section  was  measured  on  the  east  side  of  Rex  Creek 
about  1  mile  above  the  head  of  Dry  Bay : 

Section  on  Rex  Creek,  Cold  Bay  region. 

Naknek  formation:  Peet 

Arkose,  sandstone,  and  shale 600-h 

Enochkin  formation : 

Shale  and  sandstone 500 

Sandstone   90 

Argillaceous  shale 400 

Sandstone,  shale,  and  conglomerate 300 

The  post-Jurassic  volcanic  rocks  occur  in  a  discontinuous  belt 
near  the  center  of  the  i)eninsula.  This  belt  includes  several  vol- 
canoes which  have  been  active  in  comparatively  recent  time.  The 
lavas  are  probably  all  either  andesite  or  basalt. 

It  may  thus  be  seen  both  from  the  previous  observations  quoted 
above  and  from  the  work  of  the  writer  that  the  rocks  exposed  in 
the  inunediate  vicinity  of  Cold  Bay  are  entirely  Mesozoic.  They 
carry  Jurassic  fossils  everywhere  except  at  the  promontory  on  the 
east  side  of  the  bay,  where  Triassic  fossils  have  been  found. 

Mount  Peulik,  the  high  peak  on  the  southern  shore  of  Becharof 
Lake,  is  a  volcano  that  has  probably  been  active  in  comparatively 
recent  times.  It  is  one  of  the  many  volcanic  mountains  which  extend 
along  the  central  axis  of  the  Alaska  Peninsula,  and  has  apparently 
broken  through  the  Jurassic  sediments.  Other  similar  mountains 
extend  in  a  northeasterly  direction  from  the  north  shore  of  Becharof 
Lake  to  and  beyond  the  head  of  Naknek  Lake. 

Glacial  deposits  are  probably  entirely  lacking  in  this  region,  except 
as  they  are  reported  in  the  moraines  of  small  living  glaciers  on  the 
higher  mountains. 
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STRUCTURE. 

The  rocks  in  the  vicinity  of  Cold  Bay  are  very  gently  folded.  The 
dips  are  low  over  wide  areas  and  the  zones  of  steep  dip  are  narrow 
and  infrequent. 

It  has  been  stated  that  there  is  a  great  anticline  seaward,  parallel 
to  the  southern  coast,  that  has  its  axis  near  the  ends  of  the  forelands. 
This  view  is  sustained  by  the  fact  that  on  at  least  one  of  these  promon- 
tories rocks  older  than  die  Jurassic  are  exposed,  but  the  writer  has  not 
seen  any  evidence  which  would  show  how  far  seaward  the  southeast 
dip  may  extend.  This  fold  extends  from  Katmai  to  the  cape  at  the 
east  entrance  to  Cold  Bay.  No  land  extends  far  enough  seaward 
below  Cold  Bay  to  reach  the  axis  of  this  fold.  The  strike  and  the 
direction  of  the  axis  average  about  N.  45  E.  The  northwest  dip  sel- 
dom exceeds  6^  on  the  forelands.  It  is  considerably  steeper  on  the 
east  shore  of  Cold  Bay. 

There  is  a  syncline  parallel  to  this  and  northwest  of  it  which  ex- 
tends from  near  the  mouth  of  Dry  Bay  along  the  west  shore  of  Cold 
Bay  to  the  high  bluffs  above  the  mouth  of  Teresa  Creek.  At  this 
point  it  is  cut  off  by  a  fault  which  crosses  the  head  of  the  bay  and 
extends  up  the  valley  of  Dry  Creek. 

A  long  anticline  is  exposed  in  the  hills  southwest  of  the  bay,  the  axis 
reaching  the  shore  a  short  distance  from  Portage  Bay  and  extending 
thence  inland  in  a  general  northeast  direction.  The  maximum  dips 
observed  on  the  southern  flank  of  this  fold  were  about  2°  to  10® ;  on 
the  northern,  12°  to  16°.  Strikes  of  N.  2°  E.  and  N.  10°  E.,  respec- 
tively, were  noted.  The  steeper  dips  were  app.arently  confined  to  a 
narrow  zone,  beyond  which  a  dip  of  8°  continued  for  a  considerable 
distance.  These  observations  of  the  writer  show  a  structure  corre- 
sponding to  that  which  has  been  reported  from  the  region  of  Portage 
Bay,  where  an  anticline  with  a  northeast  axis  is  said  to  parallel  the 
south  arm  of  the  lake  in  such  a  position  that,  if  continued  to  the  loca- 
tion of  the  oil  derricks  west  of  the  shore  of  Cold  Bay,  it  would  coin- 
cide with  the  anticline  seen  by  the  writer  and  described  above.  The 
rocks  exposed  in  the  immediate  Wcinity  of  the  oil  derricks  lie  almost 
or  quite  horizontal.  The  dip  in  the  hills  south  of  the  derricks  is 
southwest  at  a  low  angle,  while  in  the  hills  north  of  the  derricks  it  is 
northerly  at  an  average  angle  of  8°.  According  to  report,  the  north- 
west dip  is  reversed  near  the  center  of  the  peninsula,  so  that  part  of 
Becharof  Lake  lies  in  a  syncline,  while  near  its  northwestern  shore  a 
sharp  anticline  is  said  to  rise,  which  brings  to  the  surface  not  only  the 
entire  sedimentary  series,  but  also  a  mass  of  crystalline  rocks  that 
form  the  core  of  the  peninsula  throughout  most  of  its  length. 

It  may  be  seen  from  the  descriptions  given  above  that  the  most  strik- 
ing structural  features  are  an  anticline  with  a  northeast-southwest  axis 
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extending  from  a  point  3^  miles  above  the  mouth  of  Oil  Creek  to 
Kanata,  and  a  syncline  extending  from  near  the  mouth  of  Oil  Creek 
northeastward  into  Cold  Bay.  The  northern  end  of  this  syncline  is 
cut  off  by  a  fault  which  extends  up  the  valley  of  Dry  Creek.  The 
anticline  terminates  by  flattening  out. 

The  dips  are  quite  uniformly  northwestward  on  the  north  shore  of 
Cold  Bay  and  on  the  north  side  of  Dry  Creek.  Along  the  southeast- 
em  side  of  Becharof  Lake  it  is  northwestward  and  westward.  On 
the  western  shore  of  Cold  Bay  it  is  northwestward  or  horizontal. 
On  Dry  Bay  it  is  southeastward.  The  dips  seldom  exceed  15°  except 
toward  the  mouth  of  the  bay,  and  are  quite  low  and  regular  over 
wide  areas.  The  region  between  Becharof  Lake  and  the  Bocharof- 
Cold  Bay  divide  has  a  uniform  westward  and  northwestward  dip. 

INDICATIONS  OP  PETROLEUM. 

Seepages, — ^There  are  several  seepages  at  the  north  end  of  the  anti- 
cline near  the  oil  wells.  In  all  of  these  the  flow  of  petroleum  is  large 
and  constant.  One  of  them  furnishes  lubricating  oil  for  use  at  the 
wells.  There  is  also  a  considerable  flow  of  gas  at  one  of  these  seep- 
ages. Other  seepages  not  seen  by  the  writer  are  reported  from 
various  places  along  the  crest  of  this  same  fold,  near  the  head  of  Dry 
Bay  and  elsewhere  between  that  point  and  Kanata.  There  is  said  to 
be  even  more  important  seepages  on  the  west  shore  of  the  south  arm 
of  Becharof  Lake. 

Developments. — ^Three  wells  were  begun  in  the  summer  of  1903. 
They  are  located  about  5  miles  from  the  landing  on  the  west  shore  of 
Cold  Bay,  at  an  elevation  of  about  750  feet  above  tide,  and  are  dis- 
tant about  9  miles  in  an  air  line  from  Becharof  Lake.     (PI.  VII.) 

One  of  the  wells  begun  during  the  summer  of  1903  was  abandoned 
in  the  autumn  at  a  depth  of  several  hundred  feet,  and  the  derrick 
was  moved  to  a  new  site  a  few  hundred  feet  distant.  Very  little  drill- 
ing had  been  done  at  this  point  up  to  the  time  the  writer  left  Alaska. 

The  second  well,  mentioned  in  an  earlier  publication,**  was  drilled  to 
a  depth  of  about  1,400  feet.  The  drill  is  said  to  have  penetrated 
several  strata  filled  with  thick  residual  oil  having  about  the  consistency 
of  warm  pitch.  This  well  was  finally  abandoned  during  the  summer 
of  1904,  because  of  the  strong  continual  flow  of  fresh  water.  It  is 
now  certain  that  this  well  is  situated  near  a  fault,  which  fact  would 
seem  to  explain  the  presence  of  a  large  amount  of  fresh  water  at  all 
depths  and  also  the  absence  of  the  more  volatile  and  fluid  constituents 
in  the  oil.  The  machinery  from  this  well  has  now  been  moved  to  a 
new  location  about  2^  miles  southeastward  on  Trail  Creek.  At  last 
reports  it  had  reached  a  depth  of  1,500  feet. 

•  Bull.  IT.  S.  Geol.  Survey  No.  225,  1004,  p.  381. 
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Record  of  well  at  Cold  Bay. 

Feet. 

Sandstone    76 

Hard  sand  with  crevices 39 

Sand  with  hard  streaks 85 

Oil   sand,   not   hard 40 

Sandstone   with   hard   streaks . GO 

Oil  sand,  soft 8 

Sandstone  with  hard  streaks 82 

Oil    sand 25 

Soft  argillaceous  sandstone 15 

Soft  blue  sandstone  with  oil 5 

435 

If  petroleum  is  stored  within  the  series  of  rocks  about  Cold  Bay, 
other  things  being  equal,  the  very  gentle  folding  which  the  strata 
have  undergone  should  be  favorable  to  the  formation  of  large  pools. 
It  is  impossible,  however,  to  tell  at  present  how  far  the  influence  of 
the  volcanic  belt  and  faults  may  extend. 

The  petroleum  from  this  field  has  a  paraffin  base  and  is  probably 
similar  to  the  Controller  Bay  petroleum.  (See  p.  58.)  If  petroleum 
should  be  discovered  in  commercial  quantities  in  this  region  it  can 
be  piped  from  the  wells  to  Cold  Bay  by  gravity  and  shipped  thence 
to  San  Francisco  or  to  Puget  Sound  ports. 

PETROLEUM    RESIDUE. 

On  some  of  the  hillsides  near  the  oil  derricks  5  miles  inland  from 
Cold  Bay  are  seepages  of  petroleum  that  are  in  some  cases  continu- 
ous, in  others  intermittent.  Tlie  petroleum  runs  down  the  hillsides 
in  the  watercourses,  collecting  at  the  bottom  in  peat  bogs.  Losing 
enough  of  its  volatile  constituents  by  evaporation  to  render  it  immo- 
bile, it  remains  there,  impregnating  the  peat  and  forming  over  its 
surface  a  thick  coating  of  black  paraffin  wax. 

These  deposits  have  already  been  of  considerable  importance  in 
the  development  of  the  region,  for  the  peat,  impregnated  with  the 
paraffin  wax,  has  proved  a  fuel  of  the  greatest  value,  replacing  even 
the  coal  from  the  mines  of  Puget  Sound,  which  is  imported  in  large 
amount  for  use  under  the  boilers  in  drilling  operations.  The  deposit 
which  has  furnished  this  fuel  for  the  past  season  has  an  area  of  about 
1^  acres.  The  material  has  been  dug  to  a  depth  of  about  3  feet  with- 
out, in  some  cases,  reaching  bottom.  This  deposit  alone  contains 
enough  of  the  residue  to  supply  all  local  needs  for  fuel  for  some  time 
to  come.  Another  deposit  has,  however,  been  discovered  in  the 
vicinity,  which  has  an  area  of  ^  acres  and  a  thickness  of  at  least  10 
feet.     Many  more  also  will  doubtless  be  brought  to  light. 

Chemical  and  calorimetric  tests  of  petroleum  residue  have  been 
made  bv  Penniman&  Browne,  of  Baltimore.  The  result  of  their  tests 
js  as  follows : 
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Chemical  and  calorimetric  tests  of  petroleutn  residue. 

Per  cent. 
Moisture   None. 

Volatile  matter 85.40 

Fixed  carbon 7. 7G 

Ash a  84 

Total   100. 00 

Sulphur   .  36 

Soluble  in  gasoline 6a20 

Calories  8. 193 

The  table  shows  a  material  that  compares  favorably  with  most  of 
the  coals  sold  on  the  Pacific  coast.  It  is,  indeed,  their  superior  as 
regards  calorific  power,  ash,  and  amount  of  sulphur.  The  amount 
indicated  in  the  table  as  soluble  in  gasoline  represents  the  petroleum 
residue  present,  the  remaining  31.80  per  cent  consisting  of  peat  and 
earthy  material. 

PROPERTIES  OF  THE  AliASKA  PETROIiEUM. 

Controller  Ray  petroleum. — A  sample  of  the  petroleum  from  the 
well  near  Katalla  has  been  tested  by  Penniman  &  Browne,  of  Bal- 
timore, with  the  following  results: 

Test  of  petroleum  from  Katalla, 

Specific    gravity (0.828  at  15.5°  C.)  39.1**  B 

Distillation  by  Eugler's  method : 

Benzine    (80**-J50^    C.) 21%, 54.9°  B.  (0.7573) 

Burning  oU   (150°-300°  C.) 51%.  40.6°  B.  (0.8204) 

Residium  (paraffin  base) 28%,  23.9°  B.  (0.9096) 

Sulphur Trace 

The  burning  oil  was  purified  by  concentrated  sulphuric  acid  and  soda,  the  vol- 
ume of  acid  used  up  being  too  small  to  measure.  The  purified  burning  oil  was 
put  into  a  small  lamp,  where  it  burned  dry  without  incrusting  the  wick  or  cor- 
roding the  burner,  and  without  any  marked  diminution  of  flame.  The  burning 
oil  compares  very  favorably  in  these  respects  with  Pennsylvania  oil  prepared  in 
the  same  way. 

The  following  analysis  of  this  petroleum  was  published  by  Mr. 

Oliphant : « 

Analyis  of  petroleum  from  Katalla  Bay  well. 

Specific  gravity  at  60°  F.,  0.7958,  equal  to  45.9°  Baurn^. 

Cold  test  did  not  chill  at  3°  F.  below  zero.  Per  rent. 

Distillation  below  150°  C,  naphtha 38.5 

150°  to  285°  C,  illuminating  petroleum 31 

Above  285°  C,  lubricating  petroleum 21.5 

Residue,  coke  and  loss 9 

Total 100 


•  The  production  of  pretroleum  In  1902 :    Mineral  Besources  U.  8.  for  1902,  U.  S.  Qeol. 
Survey,  1003,  p.  583. 
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The  results  of  the  tests  may  be  compared  with  those  of  other  petro- 
leums in  the  following  table : 

Testa  of  petroleum  from  Alcuka  and  other  Jidda, 


Benzine  (80M50"C.) 

Burning    oil    (160°- 
800°  C.) 

Besidnnm 

Sulphur..  

Gravity 


AlimlrA.O' 

Alaaka.b 

Pennsyl- 
vania. 0 

Ohio.d 

Colo- 
rado.« 

MexlcoJ 

21 

88.5 

16.5 

10 

16 

10 

51 

A81 

54 

50 

40 

60 

28 

^0.5 

29 

40 

44 

30 

Trace. 

89.  rB. 

45. 9°  B. 

48°  B. 

mont, 
Tex.9 


2.5 

40 
57.5 
1.7 
22**B. 


*  Penniman  &  Browne  for  this  report. 

*011ptiant,  F.  H.,  The  production  of  petroleum  in  1902:  Mineral  Resources  U.  8.  for 
1002,  U.  S.  Geol.  Survey,  1903,  p.  5S3. 
*>  Peckham,  S.  F.,  Report  on  Petroleum,  p.  365. 

*  Woodman,  Durand,  Jour.  Am.  Chem.  Soc.,  vol.  13,  p.  168. 

*  Ollphant,  F.  H.,  Petroleum :  Mineral  Resources  U.  S.  for  1901,  U.  S.  Geol.  Barrey, 
1002,  p.  560. 

f  Stiliman,  T.  B.,  Engineering  Chemistry,  p.  364. 

'  Hayes  and  Kennedy,  Oil  fields  of  Texas-Louisiana  coastal  plain :  Boll.  U.  8.  GtooL 
Survey  No.  212,  1903,  pp.  14&-151. 

*  See  above  (p.  57). 

The  petroleum  is  clearly  a  refining  oil  of  the  same  general  nature 
as  tlie  Pennsylvania  petroleum.  It  resembles  the  latter  in  having  a 
high  proportion  of  the  more  volatile  compounds  and  a  paraffin  base 
and  in  containing  almost  no  sulphur.  The  proportions  of  the  several 
constituents  given  in  iho.  table  above  do  not  necessarily  represent  the 
full  amounts  that  could  be  obtained  in  practice  by  different  treatment. 

Oil  Bay  and  Cold  Bay  seepages. — Samples  of  the  seepage  petro- 
leum from  Oil  Bay  and  Cold  Bay  have  l>een  collected  by  the  writer. 
They  were  obtained  by  skimming  the  petroleum  from  the  surface  of 
the  pools  of  water  where  it  was  continually  rising  from  the  bottom 
of  the  pool.  An  effort  was  made  to  obtain  as  much  of  the  fresher  oil 
as  possible.  Vegetable  and  earthy  impurities  were  removed  by  strain- 
ing through  coarse  cloth.  AVater  could  not  be  entirely  removed.  Oil 
for  lubricating  purposes  at  the  neighboring  wells  is  obtained  from 
these  pools  in  this  manner. 

The  fresher  oil  is  dark  green.  That  which  has  remained  on  the 
surface  of  the  pool  for  some  time  is  dark  brown. 

The  oil  has  doubtless  lost  a  large  part  of  its  volatile  constituents. 
The  analyses  therefore  do  not  represent  the  composition  which  could 
be  expected  of  the  live  oil  from  wells  in  this  region.  Such  oil  would 
have  a  lower  specific  gravity,  higher  percentage  of  the  more  volatile 
constituents,  and  lower  percentage  of  the  less  volatile  constituents, 
residue  and  sulphur.    It  would  certainly  be  better  than  these  samples 
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in  all  respects,  and  would  resemble  them  in  having  a  parafBin  base.  It 
might  not  be  of  so  high  quality  as  the  Controller  Bay  petroleum,  but 
nevertheless  it  would  be  a  refining  oil. 

The  samples  were  submitted  to  Pemiiman  &  Browne,  of  Balti- 
more, who  return  the  following  report  on  their  t-ests. 

Testa  of  samples  of  seepage  petroleum  from  Oil  Bay  and  Cold  Bay. 

Oil  Bay.  Cold  Bay. 

Specific  gravity  at  60**  F ...  0.9557(16.5^3)...  0.9547  (16. 6'' B) 

Distillation  by  Engler's  method: 

Initial  boiling  point SSO**  C 225^0. 

Burning  oil  (distillation  np  to  300**  C, 

nnder  atmospheric  pressure) 13.2%  (29.5"  B) ll8.8%  (29.6"  3) 

Lubricating  oils  (spindle  oils)  (120  mm. 

pressure,  up  to  300"  C.) 39.2%  (22.6"  B)....  28.3%  (23.8"  B) 

Lubricating  oils  (120  mm.  pressure,  300" 

C.-^50"C.) - 19.6%  (17.9" B)....  18.3%  (18"  B) 

Paraffin  oils  (by  destructive  distillation 

under  atmospheric  pressure) 22.4%  (20.4"  B) 32.0%  (20.4"  B) 

Gokeandloss.. 5.6% 8.1% 

Total  sulphur 0.098% 0.116% 

The  distillation  of  the  lubricating  oils  under  diminished  pressure,  corre- 
sponding to  refinery  practice,  was  carried  on  until  signs  of  decomposition  set  in. 
The  resulting  residue  was  unsuitable  for  making  cylinder  stock,  and  was  there- 
fore distilled  for  parafiin  oils.  These  paraffin  oils  contain  a  considerable  quan- 
tity of  solid  paraffin.  It  was  not  practical)le  to  determine  the  amount  of  the 
material  with  the  small  amount  of  oil  at  our  disposal. 

The  Iodine  absorption  of  tlie  oils  and  distillates  has  been  determined  by 
Ilamis's  method  (solution  standing  four  hours),  and  is  here  tabulated: 

Oil  Bay.  Gold  Bay. 

Bnmingoil 17.8%  iodine  17.2%  iodine 

Lubricating  oil 26.2%  iodine 27.2%  iodine 

Heavy  lubricating  oil 35.8%  iodine 35.2%  iodine 

These  iodine  numbers  upon  the  lubricating  oils  were  obtained  upon  the  sam- 
ples. For  comparison,  samples  of  similar  oils  were  obtained  from  the  Standard 
Oil  Company,  and  the  iodine  numbers  determined  as  follows : 

Light  distilled  lubricating  oil  (spindle  oil) 82%  iodine 

Dark  lubricating  oil  (engine  oil)  — l 45.4%  iodine 

The  burning  oils  were  tested  in  a  small  lamp  and  found  to  give  a  good  flame. 
All  the  oil  was  consumed  without  incnisting  the  wick  or  corroding  the  burner. 

The  sample  of  crude  oil  from  Cold  Bay  was  distilled  in  such  a  way  as  to  give 
the  maximum  yield  of  burning  oil ;  under  these  conditions  52.2  per  cent  of  fair 
quality  burning  oil  was  obtained. 

The  oils  are  entirely  similar :  both  have  paraffin  bases,  and  the  products  of  dis- 
tillation are  "  sweet"  We  are  informed  that  these  samples  are  "  seepage  oils." 
If  a  sufficient  yield  can  be  obtained  by  drilling,  a  very  suitable  oil  for  refinery 
piirpoees  may  be  expected,  containing  a  very  much  larger  quantity  of  the  more 
desirable  lighter  products. 
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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 

United  States  GeoijOgical  Survet, 

•      Washington^  I),  C.^  June  28^  JOO^, 

Sir:  I  have  the  honor  to  submit  herewith  the  manuscript  and 
illustrations  of  a  report  entitled  "  The  Gold  Placers  of  the  Forty- 
mile,  Birch  Creek,  and  Fairbanks  Regions,  Alaska,"  and  to  recom- 
mend its  publication  as  a  bulletin. 

This  report  contains  the  economic  results  of  a  reconnaissance  of 
these  gold  fields  of  the  Yukon  basin  which  was  carried  out  by  Mr. 
Ijouis  M.  Prindle  last  season  (1908).  It  has  been  prepared  essen- 
tially for  the  placer  miner  and  prospector,  for  which  reason  the 
descriptions  of  the  auriferous  gravels  are  presented  in  considerable 
detail,  while  only  the  salient  features  of  the  geology  are  treatt»(l. 
This  coui^se  was  determined  upon  because,  although  there  was  an 
immediate  demand  on  the  part  of  the  mining  public  for  information 
in  regard  to  the  gold  placers,  the  geology  is  so  complex  that  it  will 
require  several  more  field  seasons  to  solve  even  the  general  probleuis 
of  structure  and  succession. 

Although  the  Fortymile  and  Birch  Creek  districts  are  among  the 
oldest  of  the  gold-placer  producers  of  Alaska,  Mr.  Prindle's  investiga- 
tions show  that  they  are  by  no  means  exhausted,  and  that,  with  the 
introduction  of  improved  methods  of  mining,  they  will  continue  to 
yield  good  returns.  It  is  too  soon  to  predict  the  future  of  the  newly 
discovered  Fairbanks  placers,  but  tliey  show  every  evidence  of  hand- 
some profits.  The  fncts  presented  by  Mr.  Prindle  indicate  that  the 
conditions  of  (M'currenceof  the  gold  are  such  that  for  profitable  exploi- 
tation it  must  be  mined  by  improved  methods,  and  sliould  invite 
the  attention  of  capitalists.  The  fact  that  the  placers  are  within 
a  few  miles  of  water  transportation  on  the  Tanana  will  permit  the 
introduction  of  machinerv  at  much  less  cost  than  at  some  of  the  older 
camps. 

The  value  of  this  publication  is  much  increased  because  it  becomes 
the   medium   of  making  public  two   reconnaissance  maps  of   the 
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i«gion  ba^ed  on  surveys  by  Mr.  T.  G.  Genline  in  1803,     One  mapf*! 
on  II  nL'Mle  of  1:^50,00(1.  extaids  from  Fnirbank^  t(»  Cin'Ie.  and  the  1 

other,  on  a  scalp  of  1 :  l>25.000.  niibraci'M  Hip  enlirn  Yiikon-Tanana 

The  maps  and  the  text  of  this  report  must  be  r^arded  as  jMvIimi- 
nary,  for  at  this  writing  both  geologic  and  topographic  Burreys  arc 
in  progreas  in  the  same  field. 
Very  respectfully, 

AltRH}  H.   BlOOKB, 

€hologiat  tn  Charge  Divt&ion  of  Alaskan  Mineral  Retoweea. 
Hon.  CHABbsfl  D.  Waloott, 

Dvnetor  Dnited  Statea  OeciogiocA  Survey. 


THE  GOLD  PLACERS  OF  FORTYMILE,  BIRCH  CREEK, 
AND  FAIRBANKS  REGIONS,  ALASKA. 


Bv  L.  M.  Prtndle. 


INTRODUCTION. 
GEOGRAPHIC  RELATIONS. 

The  Yukon-Tanana  interstream  area,  which  indndes  from  85,000 
to  40,000  square  miles,  is  naturally  delimited  by  the  Yukon  and 
Tanana  rivers,  which  for  some  distance  flow  northwesterly  in  nearly 
parallel  courses  about  100  miles  apart.  At  the  Arctic  Circle,  how- 
ever, the  Yukon  makes  its  great  bend  to  the  southwH»st,  and,  200  miles 
farther  on,  near  the  one  hundred  and  fiftv-second  meridian,  in  the 
central  portion  of  Alaska,  is  joined  by  the  Tanana  (PI.  I).  The 
area  is  thus  irregularly  shaped,  its  longer  diameter  extending  north- 
west and  southeast.  On  the  east  it  is  delimited  bv  the  international 
boundary — the  one  hundred  and  forty-first  meridian — along  which  it 
extends  to  the  south  somewhat  beyond  the  sixty-third  parallel;  on 
the  north  it  just  crosses  the  Arctic  Circle  (PI.  XVT,  in  pocket). 

ECONOMIC  DEVELOPMENT. 

Some  of  the  earliest  prospecting  in  the  interior  was  done  in  this 
area,  and  portions  of  it  are  comparatively  well  known.  The  dis- 
covery of  placer  gold  on  Fortymile  in  1886,  and  the  later  discoveries 
in  1898  in  the  Birch  Creek  and  Rampart  regions,  led  to  a  rapid 
development  of  the  creeks  tributary  to  the  Yukon.  During  the  sum- 
mer of  1902  placer  gold  was  found  in  quantities  of  economic  impor- 
tance about  200  miles  above  the  mouth  of  the  Tanana  and  a  few  miles 
north  of  the  river.  This  led  to  an  influx  of  i>eople  and  the  formation 
of  a  center  of  population  on  the  Tanana  side  of  the  area. 

There  are  at  the  present  time  in  the  Yukon-Tanana  country  four 
widely  separited  regions  which  are  producing  placer  gold — the 
Fortymile  reg.on,  the  Birch  Creek  region,  the  Rampart  region,  and 
the  Fairbanks  region.  The  Yukon  and  the  Tanana  are  the  main 
routes  of  travel,  and  from  these  rivers  the  gold-producing  cre<»ks  are 
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reached  either  by  overland  trails  or  by  tributaries  which  are  naviga- 
ble for  small  boats. 

Forty  mile  region  {PL  VII). — Eagle,  the  principal  town  of  the 
Fortyniile  region,  is  pleasantly  situated  on  the  west  side  of  the 
Yukon,  al>out  100  miles  below  Dawson.  There  are  trails  to  the  placer 
camps  in  the  vicinity  of  Fortymile  Oeek,  00  miles  to  the  south,  to  the 
important  localities  on  American  Creek,  only  about  12  miles  t0  the 
south,  and  to  those  scattered  along  the  Seventymile,  about  60  miles 
to  the  west.  Eagle,  so  far  as  its  location  will  allow,  is  a  source  of 
supply  for  this  region;  it  has  a  population  of  about  300,  and  was 
incorporated  in  1801'.  An  army  post  is  located  there,  and  the  town 
^is  the  terminus  of  the  Government  trail  and  telegraph  line  from 
Valdes  to  the  Yukon.  There  is  also  telegraphic  conmiunication  with 
the  upper  Yukon,  the  whole  ivgion  Iwing  thus  brought  into  close 
touch  with  the  rest  of  the  world. 

There  are  two  main  trails  to  the  Fortymile  country.  One  is  by  way 
of  Thirteenmile  Camp,  Lilx»rty  Fork,  and  Dome  Creek  to  the  junc- 
tion of  Fortymile  and  Steele  creeks,  about  40  miles  south  from  Eagle. 
The  settlement  at  the  mouth  of  Steele  Creek  is  shown  in  PI.  II,  A. 
Thence  the  trail  follows  the  divide  to  the  southwest,  crosses  South 
Fork  at  Franklin,  and  passes  from  the  Fortymile  region  to  the  Kech- 
umstuk  Hills  and  the  Tanana.  This  trail  traverses  most  of  the  areas 
of  economic  importance,  and  all  creeks  where  mining  is  in  progress 
can  l>e  reached  from  it  by  side  trails.  It  is  generally  followed  by 
the  mail  carriers  on  the  V^aliU»s-Kagle  route.  Uoadhouses  are  located 
at  Steele  Creek  and  on  iill  the  important  gold-prochicing  cr(H?ks. 
The  other  trail,  known  as  the  (lovernment  routes  leaves  the  first  at  the 
Thii-teenmile  Camp,  follows  the  long  divide  to  the  southwest  between 
the  headwaters  of  C^hani})i(m  and  O'Brien  creeks,  and  (Tosses  North 
Fork  at  the  t4.4egraph  oflice,  al)()ut  8  miles  above  the  '^  Kink." 

In  dry  weather  th(»se  trails  aft'ord  g(H)d  traveling  for  pack  trains, 
but  transportation  of  supplies  is  so  expensive  tliat  most  of  the  min- 
ers in  the  Fortymile  area  get  their  su])plies  elsewh(»re  than  at 
Eagle.  In  the  al)sence  of  good  roads  the  ti-ade  nec(»ssarily  goes  up  the 
rivei',  generally  to  Dawson:  in  tlus  case  duties  must  be  paid  at  the 
l)oundarv,  and  these  add  m*eJitlv  to  th(»  Imrdens  of  ihe  miner.  Navi- 
gation  on  the  Fortymile  is  I'athei'  diflicnlt.  as  the  current  is  frequently 
swift  and  rapids  ixw  numerous,  but  small  boats  carry  freight  as  far  as 
Chicken  Creek  on  Mosquito  Fork.  Transportation  rates  to  the  Forty- 
mile  area  by  pack  train  during  the  summer  are  as  high  as  2i)  cents  a 
])oun(l,  but  in  winter,  when  fi'cighting  is  comparatively  easy,  the  aver- 
age is  al>out  5  cents  a  ])ound.  Most  of  the  men  buy  their  supplies  at 
Dawson  in  the  fall  and  have  them  freiglited  to  the  creeks  during  the 
winter.     During  the  sununer  of  190;^  prices  of  sup])lies  on  the  creeks 
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were  found  to  Ik?  as  high  as  30  cents  i)er  pound  for  sugar,  $8.50  for 
a  50-pouiid  sack  of  flour,  and  50  cents  a  pound  for  bacon. 

The  important  localities  on  American  Creek  can  be  easily  visited 
in  a  day's  trip  from  Eagle  by  a  trail  which  climbs  the  long  spur 
west  of  American  Creek,  from  which  a  comprehensive  view  of  the 
whole  area  can  l>e  obtained,  and  then  descends  abruptly  into  the 
deep  valley  of  the  creek.  In  wet  weather  the  trail  is  a  rather  hard 
one  to  travel.  These  localities  can  also  be  reached  by  following  the 
Steele  Creek  trail  about  10  miles  to  a  point  where  a  branch  trail 
leads  down  a  steep  descent  to  Star  Gulch. 

The  localities  on  the  Seventymile  where  work  is  in  progress  are 
widely  separated  and  are  generally  reached  by  a  trail  which  crosses 
Mission  ("reek  at  its  junction  with  Excelsior  Creek,  follows  the  ridge 
north  of  Excelsior,  crosses  Bryant  about  4  miles  from  the  mouth, 
climbs  to  the  ridge  on  the  west,  and  then  drops  down  into  the  valley  of 
the  Seventymile  and  follows  the  stream  to  the  falls;  from  the  falls 
to  Barney  Creek'  it  ke^ps  on  the  north  side,  and  in  places  is  better 
along  the  base  of  the  ridge;  about  half  a  mile  above  Barney  Creek 
it  leaves  the  river  for  the  ridge  on  the  north  side.  This  is  the  starting 
point  of  the  route  overland  from  the  Seventymile  to  the  Birch  Creek 
region,  about  120  miles  to  the  nortliwest  from  Eagle.  The  ridgt*  to 
the  south  of  the  Seventymile  is  preferred  by  some  of  the  minei*s  in 
traveling  from  the  upper  Seventymile  to  Eagle.  This  is  a  high,  dry 
trail  that  leads  round  the  north  end  of  (ilacier  Mountain,  down  the 
long  spur  l)etween  Pixcelsior  and  Mission  creeks,  and  thence  to  Eagle. 

Birch  Creek  region. — Circle,  about  140  mile.s  below  Eagle,  on  the 
west  side  of  the  Yukon,  is  the  local  supplv  i>oint  for  the  diggings 
in  the  Birch  Creek  region,  which  are  situated  about  50  miles  to  the 
south,  across  the  Yukon  Flats,  just  within  the  edge  of  the  plateau 
countrv.  The  trail  between  Circle  and  the  gulches  is  direct  and 
good  during  dry  weather,  but  in  long-continued  rain  it  becomes 
difficult  to  travel.  Twelvemile  House,  Central  House,  and  Miller 
House  are  good  road  houses,  situated  at  ccmvenient  intervals  along 
the  trail.  Pack  trains  make  regular  trips  from  Circle  to  the  gulclms, 
the  freight  rates  l)eing  alM)ut  25  *a>nts  a  pound  during  the  summer 
season;  but,  as  in  all  the  other  regions,  the  heavy  freighting  is  done 
in  the  winter. 

liiunpart  regloi}, — Rampart,  which  is  about  170  miles  below  Circle, 
is  the  supi)ly  point  for  the  men  working  in  the  neighboring  gulches. 
There  are  trails  up  Ijittle  Minook  (^reek  over  the  divide  to  the  head- 
waters of  Troublesome  Creek  and  the  Hutlina,  and  up  the  Minook  to 
the  Glenn  Creek  country,  25  miles  south  of  Rampart. 

Fairhanks  region. — The  new  towns  of  Fairbanks  and  Chena  are 
situati»d  about  200  miles  up  the  Tanana  Valley.     Chena  is  on  the  main 
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river  and  FftirbankB  itf  about  9  mike  aibave,.oa  a  doog^,.  «4u1b  A< 
^Ic^es  where  vovk  is  being  done  are  dtwat  12  miles  to  tbe  jtottlu 
Fai^Muiks,  whidt  is  about'SOO  miles  due  west  of  Eagle  xndlfiO  mijce 
southwest  of  Circle,  is  accessible  by  txitils  from  both,  places.  Thai 
from  Circle  is  the  shorter  and  better.  Stores  are  located  at  both 
places,  and  both  are  supply  points  for  the  camps.  Only  the  sm^ler 
river  boats,  like  the  Kojfukuk  (b  most  useful  type  of  boat,  120  feet 
long  1^24  feet  wide,  with  an  average  draft  of  92  indiea),  are  used  <hi 
the  Chena  Slon^.  Chima,  however,  ie  accessible  by  the  Inifri-r  river 
boats.  There,  are  trails  from  both  settlements  to  tiic  (>rtx>ks,  l>ut  that 
from  CSiena  is  somewhat  longer,  and,  fcdlowing  lower  ground,  is  not 
so  good  a  one  to  travel  during  the  summer  season,  ^^'here  the  trails 
pass  throi^  the  timber  they  have  been  well  deare<l :  along  the  creek 
'  bottoms  they  ate  often  soft  Pack  trains  make  re^lar  Irips  and 
carry  supplies  at  about  the  same  rates  as  in  the  other  legions.  Various 
Iwsiness  interests  are  represented  in  the  two  towns,  unci  three  sawmilU 
were  in  operation  at  Fairbanks  in  1903,  with  a  daily  mpacily  of  alxiut. 
50,000  feet.  The  Qovernment  telegraph  line  alon^  tlie  Taimna'  has 
brought  the  region  into  close  communication  with  the  outside  worldd 
The  population  of  the  two  places,  with  that  of  the  creeks,  was  al>oUH 
800  in  1908,  and  over  4,000  in  190i.  . 

CLIMATE  AND  VBOBTATION. 

Although  the  winters  are  intensely  cold,  the  summers  are  much 
warmer  than  is  generally  supposed,  and  the  great  number  of  hours 
during  which  the  sun  is.nlxive  the  horizon  compeiisat«s  for  the  sitort- 
ness  of  the  summer;  the  weather  is  often  hot:  frosts  are  generally 
uncommon,  and  the  conditions  are  favorable  for  the  development  of 
an  abundant  vegetation. 

The  most  common  trees  are  the  spruce,  aspen,  and  birch,  while 
alder  and  willow  grow  thickly  along  the  stream  ciiurses,  and  a  scat- 
tering growth  of  tamarack  is  found  in  the  valleys  of  the  Yukon  and 
Tanana  rivers.  Spruce  grows  abundantly  in  the  valleys  of  the  larger 
streams  and  attains  considerable  size;  throughout  the  area  it  is  found 
along  the  st«ep  slopes  of  the  deep  gulches  as  high  as  the  climatic 
<wnditioHs  will  permit,  and  even  covers  with  a  light  growth  the  lower 
ridges  in  the  vicinity  of  the  main  drainage  lines.  The  higher  slopes 
mid  ridges  are  often  covered  with  dwarf  birch  and  alder,  which 
finally  give  place  to  the  moss-covered  surface  of  the  divides.  The 
iisiieu  is  found  abundantly  alon^  the  stream  lx)ttonis,  and  birch  is 
common  near  the  large  rivers. 

Feed  for  stock  is  found  in  the  headwater  valleys  of  the  streams 
throughout  most  of  the  it'gion  and  is  generally  abundant  along  the 
larger  streams.     At  Eagle,  and  also  near  Central  House,  in  the  Birch 
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Creek  region,  hay  is  i)nt  up  for  use  during  the  winter  months,  and  in 
jKirtions  of  the  Tanana  Valley  grass  grows  luxuriantly.  One  of  the 
interesting  sights  of  the  trip  was  that  of  a  bunch  of  cattle  near  the 
Tanana  resting  lazily  in  the  warm  sunshine  of  a  September  day  sur- 
rounded by  an  abundance  of  good  gi'ass. 

WORK  OF  THE  SURVEY. 
PREVIOUS   WORK. 

The  Fortymile,  Birch  Creek,  and  Rampart  regions  were  visited 
in  1896  by  a  survey  party  c*onsisting  of  Spurr,  Goodrich,  and 
Schrader,  the  trip  resulting  in  detailed  descriptions  of  the  gold-pro- 
ducing areas,  an  account  of  the  developments  that  had  been  made  up 
to  that  time,  and  sketch  maps  of  the  areas  traversed." 

In  1898  Mr.  Alfred  H.  Brooks,''  of  the  Survey,  studied  the  geog- 
raphy and  geology  along  the  Tanana  side  of  the  area  and  noted  the 
lithologic  resc»mblances  to  the  gold-l^earing  rocks  of  the  Fortymile 
and  Birch  Creek  regions,  described  by  Spurr.  The  valley  of  the 
Tanana  was  mapj)ed,  and  in  the  same  year  another  party,  led  by  Mr. 
E.  C.  Barnard,  made  a  map  of  the  Fortymile  region  on  a  scale  of 
about  4  miles  to  the  inch  (PI.  VII). 

The  trip  of  the  Peters  and  Brooks  party  ^  of  the  Survey,  in  1899, 
gave  an  opportunity  for  comparing  the  geology  of  this  area  with  that 
of  the  country  south  of  the  Tanana,  and  to  note  the  economic  devel- 
opments that  had  l)een  made  in  the  Fortymile  region  since  the  visit 
of  the  Spurr  party. 

In  1902  Mr.  Collier  studied  the  geology  along  the  Yukon  with  spe- 
cial reference  to  the  occurrence  of  coal,  and  investigated  the  gold 
placer  diggings  on  Glenn  Creek  in  the  Rampart  region.**  During  the 
same  si»ason  the  Brooks  party  from  the  Mount  McKinley  region 
crossed  the  Tanana  at  Tortella  and  studied  a  section  of  the  area  from 
this  river  to  Rampart.^ 

WORK  OF   1903. 

Exploitation  has  been  steadily  carried  forward  since  Spurr's  inves- 
tigations, and  the  camps  have  continued  to  develop  in  spite  of  the 

• 

*  spurr,  .1.  E.,  Geolot^y  of  the  Yukon  gold  districts,  Alaska  :  Eighteenth  Ann.  Rept. 
r.  S.  (Jeol  Survey,  pt.  ;i,  181)8.  pp.  87-392. 

"  A  reconnaissance  in  the  Tanana  and  White  river  basins,  Alaska,  In  18()8 :  Twentieth 
Ann.  Rept.  U.  S.  (Jeol.  Survey,  1900,  pt.  7.  pp.  425-494. 

<^  Brooks,  Alfred  II.,  A  reconnaissance  from  Pyramid  Harbor  to  Eagle  City,  Alaska, 
including  a  description  of  the  copper  deposits  on  the  Copper  and  Tanana  rivers :  Twenty- 
first  Ann.  Rept.  V.  8.  Geol.  Survey,  pt.  2,  1900,  pp.  3.31-391. 

•*  Collier,  Arthur  J..  The  (llenn  Creek  gold  mining  district,  Alaska:  Bull.  V.  S.  Geol. 
Survey  No.  213.  1903,  pp.  49-56;  The  coal  resources  of  the  Yukon,  Alaska:  Bui.  IT.  S. 
Geol.  Survey  No.  218,  1903. 

'  Brooks,  Alfred  H..  An  exploration  in  the  Mount  McKinley  region,  Alaska:  Prof.  Paper 
V.  S.  Geol.  Survey  No.  —  (in  preparation). 
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fj^mat  discoveries  at  Dawson  and  Nome.  Miners  who  have  tried  their 
hick  at  thase  more  promising  localities  have  often  returned  to  make  a 
living  at  the  old  camps,  where  many  of  the  pioneers  are  now  to  be 
found.  In  consequence  of  these  developments  and  of  the  demands  on 
the  part  of  the  public  for  information  in  regard  to  these  districts,  two 
(ieological  Survey  parties  were  sent  to  this  field  in  the  season  of  1908, 
one  under  charge  of  Mr.  T.  G.  Grerdine,  to  make  a  topographic  survey 
l)etween  Eagle  and  the  Tanana  and  from  Tanana  to  Circle;  and  the 
other,  under  charge  of  the  writer,  to  study,  so  far  as  possible  within 
the  limits  of  a  single  field  season,  the  occurrence  of  gold  in  the  placers 
of  the  districts  which  have  been  mentioned,  and  to  extend  the  studies 
of  the  geologic  problems.  The  following  report  includes  only  the 
results  of  immediate  economic  bearing,  the  publication  of  the  geology 
l)eing  deferred  until  further  studies  have  been  made. 

Top<)(jraphic  party. — The  combined  topographic  and  geologic  par- 
ties, in  charge  of  Mr.  T.  G.  Gerdine,  topographer,  traveled  by  way 
of  Dawson  to  Eagle,  arriving  there  June  16.  Mr.  Gerdine,  with 
Mr.  R.  B.  Oliver  (assistant),  G  men,  and  14  horses,  began  the  topo- 
gi'aphic  work  about  30  miles  wast  of  Eagle  and  carried  a  belt  of 
reconnaissance  mapping  to  the  southwest  into  the  Goodpaster  Valley, 
and  thence  across  the  Salcha  nearly  to  Fairbanks.  Here,  unfortu- 
nately, the  surveys  were  interrupted  by  a  dense  pall  of  smoke  from 
forest  fires,  but  they  were  begun  again  at  Fairbanks,  on  the  Tanana, 
and  (^aiTied  northeast  tliroiigh  the  new  gold  district  as  well  as 
through  the  older  Birch  Creek  diggings,  and  thence  to  Circle,  on  the 
Yukon,  which  was  reached  about  the  middle  of  September.  Within 
the  limits  of  one  season  Mt*>srs.  (Jerdine  and  Oliver  completed  the 
rectonnaissance  nmj)ping  of  over  0,000  square  miles,  and  much  of  the 
value  of  this  report  rests  in  the  fact  that  through  it  these  cartographic 
results  are  presented  to  the  public.  The  nuip  of  the  Fairbanks-Birch 
Crei^k  regions,  on  a  scale  of  about  4  miles  to  the  inch  (1 :  250000),  in- 
cludes the  region  between  the  Tanana  and  Circle  (PI.  XIII).  A 
second  ina[)  (1*1.  XVI)  has  been  prepared,  on  a  scale  of  10  miles  to 
the  inch  (i:  025000 ),  of  the  entire  region,  which  embraces  not  only 
Mr.  Gerdine's  surveys,  but  all  those  that  were  previously  made  in  the 
entire  Vukon-Tanana  region. 

Geologic  party, — The  writer's  party,  which  included  a  packer,  a 
cook,  and  7  horses,  Ix^gan  work  at  P]agl(»  on  June  IG  and  continued 
it  until  the  clost^  of  the  season  at  Fairbanks  on  September  12,  during 
which  time  about  400  miles  were  traveled.  Kighty-eight  days  were 
available  for  work,  fifty-five  of  which  were  bi-ight  and  clear.  Tlie 
latter  part  of  Jiuie  and  July  were  spent  in  the  placer  camps  of  the 
Fortvmile  area,  those  near  Eaijle,  and  those  on  the  Seventvmile:  the 
niMuth  of  August  in  traveling  from  Kagh*  to  Hir<'li  Creek  and  in 
snn]y'ing  tJ)e  placeis  of  the  Birch  C^reek  region :    and  the  time  that 


PBINDLB.1  WORK   OF   GEOLOGICAL   SURVEY.  15 

remained  in  making  a  trip  across  country  to  the  Tanana  and  in  the 
Fairbanks  placer  region,  where  only  four  days  were  available  for 
work. 

The  work  was  concentrated  on  the  gold-producing  creeks  and  local- 
ities where  prospecting  was  in  progress,  with  the  aim  of  learning  as 
much  as  possible  in  regard  to  the  origin  and  distribution  of  the  gold, 
(he  methods  by  which  it  is  obtained,  and  the  undeveloped  possibilities 
of  the  older  as  well  as  the  newer  camps. 

The  journey  naturally  falls  into  four  divisions — tliat  from  Eagle 
to  the  Fortymile  country  and  return,  that  embraced  by  side  tripg  in 
the  vicinity  of  Eagle  and  to  the  Seventymile,  that  from  Eagle  to 
Birch  Creek,  and  that  from  the  Birch  Creek  region  to  the  Tanana. 

In  the  Fortymile  region  the  writer  visited  Wade  Creek,  Walker 
Fork,  Franklin  Creek,  Chicken  Creek,  North  Fork  of  Fortymile,  and 
several  outlying  localities  where  some  work  is  being  done;  in  the 
vicinity  of  Eagle,  American  Creek  and  Discovery  Fork  and  the  local- 
ities on  the  Seventymile;  in  the  Birch  Creek  region,  Deadwood,  Mam- 
moth, Mastodon,  Miller,  and  Eagle  creeks;  in  the  Fairbanks  region, 
Pedro,  Cleary,  and  Fairbanks  creeks.** 

From  Eagle  (see  map,  PI.  VII)  the  party  traveled  south  along  the 
Steele  Creek  trail,  crossed  the  Fortymile  at  Steele  Creek  and  the 
South  Fork  at  Franklin  Creek,  encircled  the  headwaters  of  Buckskin 
Creek  to  the  telegraph  line,  and  traveled  thence  to  the  "  Kink,"  on 
North  Fork  of  Fortymile,  outside  the  area  shown  on  the  map.  (PI. 
VII.)  From  this  point  a  go<Kl  trail  was  followed  along  the  divide  in 
a  northeasterly  direction  to  Plagle.  In  crossing  the  country  from 
Eagle  to  Birch  Creek  a  northeasterly  coui'se  was  taken.  The  ridge 
to  the  north  of  the  Seventymile  at  Flume  Creek  was  found  to  offer 
good  traveling,  and  farther  to  the  west  the  northern  slojjes  of  a 
group  of  sharp  peaks  were  traversed  till  a  descent  was  made  to  Flat 
Creek.  Charley  Creek  was  crossed  without  difficulty  at  a  point  [)er- 
haps  30  miles  above  the  mouth,  where  it  flows  in  a  meandering 
course  in  a  narrow  canyon.  A  divide  was  then  followed  for  three 
days  without  crossing  a  single  stream  to  the  forks  of  South  Fork 
of  Birch  Creek,  keeping  the  northern  tributary  of  this  fork,  with  its 
deep  canyons,  on  the  north.  Birch  Creek  was  crossed  at  a  point  alK>ut 
2  miles  above  where  it  emerges  from  the  hills  into  the  great  flat 
country  south  from  Circle,  and  the  divide  was  followed  round  to- 
ward Deadwood  Creek  till  a  trail  was  found  crossing  the  flat  from 
the  Hot  Springs  to  Central  House.  The  distance  from  Eagle  to 
Central  House  in  a  straight  line  is  about  120  miles.  The  course 
followed  by  the  Survey  party  was  found  to  be  comparatively  direct; 

•The  writer,  assisted  by  Mr.  F.  L.  Hess,  revisited  the  Fairbanks  district  In  1904,  and 
It  has  been  possible  to  enilxxly  In  this  report  a  description  of  the  present  devolopmcntR 
In  this  portion  of  the  Yukon-Tannna  re^rion. 
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the  only  points  where  (lifficultie.s  may  be  encountered  are  at  Charley 
River  and  Birch  Creek,  which  at  times  of  high  water  may  become 
sources  of  delay,  though  at  low  water  they  present  no  difficulties. 
Charley  River  was  easily  crossed,  but  high  water  caused  a  delay  of 
two  days  at  Birch  Creek. 

From  the  Birch  Creek  region  there  is  a  direct  and  easy  trail  to  the 
Tanana,  by  which  Fairbanks,  150  miles  to  the  southwest  from  Circle, 
was  reached  the  night  of  September  11,  just  in  time  to  take  the 
steamer  down  the  river  next  morning. 

Conditions  of  travel. — Traveling  through  the  Yukon-Tanana 
country  with  pack  trains  is  comparatively  easy.  The  trail  keeps 
mostly  to  the  divides,  and  these,  except  in  rainy  weather,  generally 
afford  good  finn  footing  and  can  often  l>e  followed  for  two  or  three 
days  without  crossing  the  main  drainage  lines.  The  summer  of  1903 
was  very  dry  in  the  Fortymile  I'egion,  and  the  hot  days  of  June  and 
July,  hazy  with  the  smoke  of  many  forest  fires,  hardened  the  trails 
and  lowered  the  streams  till  the  conditions  were  unusuall}^  favorable 
for  travel. 

When  traveling  on  the  high  divides,  which  are  covei'ed  only  with 
moss  or  a  sparse  gi'owth  of  dwarf  birch  and  occasional  clumps  of 
alder,  it  is  easy  at  camping  time  to  drop  down  to  the  green  valley  of 
some  small  stream  whei'e  the  horses  find  the  freshest  grass  and  when; 
the  straggling  spruces  from  the  thickly  covered  slopes  furnish  abun 
dant  firewood.  In  these  upper  valleys  caribou  are  frecpiently  to  l>e 
found  in  great  abundance  during  the  fall  and  winter  months.  Hun- 
dreds of  them  were  encountered  In^tween  the  Seventvmile  and  Birch 
Creek.  They  betrayed  only  curiosity  at  the  presence  of  the  pack 
train  and  were  apparently  migrating  slowly  toward  th(»  east. 

The  larger  streanas  can  generally  be  forded  at  low  water,  and  at 
the  points  where  the  main  trails  cross  them  ferry  boats  are  available 
for  the  transi)ortation  of  |>assengers  and  outfits,  while  horses  cross 
either  by  wading  or  swimming.  At  Fairbanks  a  wire-cable  ferry 
has  been  constructed  caj>al)le  of  carrying  s(»veral  horses  with  their 
packs."  A  wire  cable  was  also  in  use  at  Twelvemile,  on  Birch  Creek. 
In  case  of  sudden  rain  a  stream  like  Birch  C^reek  may  rise  several 
feet  in  a  few  hours,  and  the  crossing,  which  was  so  easy  while  the 
wat<'r  was  low  and  clear,  lM»conies  an  imj)ossibility  till  the  flood  has 
subsided.  Fortunately,  with  clear  weather  the  water  falls  rapidly, 
and  the  crossing  can  be  made  in  a  day  or  so  with  little  difficulty. 
This  sudden  change  in  character  illustrates  the  delicate  adjustment 
between  the  streams  and  the  weather  conditions,  which  rc^sults  from 
the  fact  that,  in  cons<Mjuence  of  the  frozen  character  of  most  of  the 
ground  in  the  drainage  areas,  the  rainfall  finds  its  way  rapidly  to  the 
streams. 


A  bridge  bus  replaced  the  \v\vc-v;a\Ae  Icyy^ 
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Boad  houses  have  been  established  at  points  along  the  main  trails 
in  the  vicinity  of  the  mining  regions.  Good  board  and  bunks  are  to 
be  had,  and  the  tultivation  of  garden  spots  within  the  last  few  years 
has  resulted  in  the  addition  of  a  wholesome  variety  of  fresh  vege- 
tables to  the  ordinary  Alaskan  diet.  Caribou,  too,  killed  in  the  fall 
and  winter  months,  are  often  kept  in  cold  storage  throughout  the 
summer  in  ice  houses  or  in  old  shafts,  where  at  a  depth  of  20  to  30 
feet  the  ground  is  always  frozen.  Grayling  are  abundant  in  the 
clear  streams  and  are  easily  caught. 

The  members  of  the  party  during  the  journey  often  experienced 
the  helpfulness  and  hospitality  so  characteristic  of  the  prospector, 
and  have  occasion  to  look  back  with  pleasure  upon  the  days  spent 
among  men  who  have  labored  hard  in  a  quiet  way  to  satisfy  the 
craving  for  individual  independence  and  have  gained  through  hard- 
ship something"  that  is  worth  while  even  if  their  hopes  are  yet  un- 
realized. In  the  hazy  atmosphere  of  an  after-dinner  smoke  in  some 
neatly  kept  cabin  bits  of  Alaskan  exploration  come  to  the  surface 
which  tell  most  forcibly  the  story  of  the  days  of  1898;  or  perhaps  a 
blue  column  of  smoke,  faintly  rising  from  the  spruces  of  some  lonely 
gulch,  guides  one  to  the  temporary  camp  of  a  pioneer  who  has  been 
in  Alaska  since  the  first  discovery  of  gold.  Over  a  cup  of  coffee,  pre- 
pared in  an  old  baking-powder  can,  one  is  made  to  understand  the 
important  part  these  men  have  played  in  the  development  of  this  por- 
tion of  our  possessions  and  their  reasons  for  having  learned  to  call 
it  home. 

GEOGRAPHIC  DESCRIPTION, 
TOPOGRAPHY. 

The  Yukon-Tanana  area  is  only  a  portion  of  the  great  interior 
plateau  which  extends  from  the  northern  base  of  the  Pacific  Moun- 
tain system  to  the  Rocky  Mountains,  far  north  of  Yukon  River  and  east 
and  west  throughout  Alaska.  The  average  altitude  is  about  3,000  feet 
above  sea  level,  and  the  undulating  surface  presents  a  comparatively 
even  sky  line,  broken  by  occasional,  short,  rugged,  sharp-peaked 
ridges,  which  rise  to  a  height  of  about  0,000  feet,  and  by  lower, 
isolated  prominences,  locally  known  as  ''  domes.''  (See  map,  PL  XVI, 
in  pocket.)  The  apparent  continuity  of  the  general  surface  is  inter- 
rupted by  many  steep-walled  valleys  which  have  been  incised  to  a 
depth  of  1,000  to  3,000  feet  and  have  made  the  area  one  of  bi-oad 
undulating  divides  and  long  flat-toj)ped  spurs,  all  of  nearly  unifonu 
elevation.  Toward  the  Yukon  the  plateau  region  breaks  off  abruptly 
to  the  river  or  to  the  surface  of  the  large  area  known  as  the  Yukon 
Flats,  and  the  outer  edge  of  it  has  frequently  become  a  fringe  of  sharp 
ridges  separating  the  many  smaller  streams  in  the  vicinity  of  the 
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river.  On  the  southern  side  the  ridges  often  persist  to  the  Tanaua, 
or  become  gradually  lower  toward  its  valley  or  those  of  its  tribu- 
taries.   The  valleys,  too,  are  more  open  than  those  on  the  Yukon  side. 

DRAINAGE. 

There  is  no  well-defined  divide  l)etw;een  the  two  rivers,  and  the 
drainagi».  is  carried  away  by  their  interlocking  tributaries,  which 
often  pursue  most  iri-egular  coui"ses.  The  most  imjwrtant  tributa- 
ries of  the  Yukon  within  this  area  are  the  Fortymile,  Mission,  Sev- 
entymile,  Charley,  Birch,  Pi'eacher,  Beaver,  Hess,  and  Minook;  those 
of  the  Tanana  are  the  Volkmar,  Goodpaster,  Salcha,  Chena,  Tolo- 
vana,  and  Baker. 

l!X)RTYMILE    REGION. 

General  character, — The  greati»r  portion  of  the  Fortymile  region, 
alK)ut  2,100  square  miles,  is  included  in  the  Fortymile  quadrangle, 
which  was  mapped  by  Mr.  E.  C.  Barnard  in  1898,  and  shown  on  PI. 
VII  of  this  report. 

In  this  region  the  mountains  are  of  two  types — ridge  and  dome. 
Glacier  Mountain,  15  miles  west  from  Eagle,  which  is  one  of  the 
most  prominent  examples  of  the  ridge  type,  is  partly  shown  in  PI. 
II,  R,  It  is  a  gray,  sharp-peaked  ridge,  with  a  northeast -southwest 
(rond,  an  altitude  of  about  (),()00  feet,  and  a  length  of  about  10  miles. 
It  forms  a  strong  ccmtrast  to  the  surrounding  country.  From  its 
Hanks  can  1m>  seen  s<»veral  domes  which  attain  lieights  up  to  5,000  or 
more  feet.  Fortymile  Dome,  about  15  miles  south  of  the  Yukon, 
along  the  boundary,  is  one  of  the  most  conspicuous  examides.  Be- 
tween thes(^  types  of  prominences  extends  the  undulating  plateau-like 
areas  interrupted  by  the  valleys  of  many  streams. 

The  Yukon  River  at  Eagle  is  about  810  feet  above  sea  level,  and  its 
tributaries  have  consequeutly  a  fall  of  something  like  2,000  feet  from 
their  sources  in  the  plateau  country  to  the  lev(»l  of  the  main  river. 
As  the  Yukon  has  been  (fitting  for  itself  a  narrow  valley  in  the  Yukon 
Plateau,  so  the  many  tributaries  hav(»  Imhmi  deepening  their  channi^ls 
until  the  prevalent  type  is  that  of  the  canyon.  The  most  important 
streams  are  the  Fortymile,  Mission,  and  Seventvmile. 

Foi'fj/nt'flc  st/.strw. — Fortymile  (^reek,  which  drains  about  two- 
thirds  of  the  area,  is  formed  bv  the  union  of  North  and  South  forks  at 
a  point  al)out  45  miles  southwest  from  Kaglc  and  '25  miles  Avest  of  the 
bonndarv  and  flows  in  a  meanderinu:  easterly  direction  to  the  Yukon 
through  a  narrow  valley  (PI.  Ill,  .1),  the  bottom  of  Avhich,  where 
the  forks  join,  is  about  1,000  feet  above  sea  level.  From  the  higher 
elevations  a  few  miles  back  long  spurs  des(vnd  toward  the  stream 
with  gradual  slopes,  which  at  an  elevation  of  about  500  feet  above 
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the  stream  and  in  places  as  far  as  a  mile  back  from  it  are  consi)ic- 
uoiisly  lienched.  The  bench  can  be  traced  all  along  this  portion  of 
the  river  and  is  the  floor  of  an  older  valley  formed  by  the  stream  and 
<>ccu])ied  by  it  at  a  period  before  the  present  canyon  was  commenced. 
This  feature  is  well  shown  on  the  map  of  the  Fortymile  quadrangle 
(PL  VIT). 

The  Fortymile,  which  varies  in  width  from  250  to  800  feet  or  more, 
carries  a  considerable  volume  of  water,  and  often  flows  in  long 
reaches  of  quiet  w^ater,  separated  by  riffles  caused  by  outerops  of  btnl 
rock  across  the  stream.  Navigation  is  rather  difficult,  but  freight  is 
carried  in  small  boats  as  far  as  Chicken  Creek  on  South  Fork.  At 
low  water  the  stream  is  easily  forded  by  pack  animals. 

North  Fork,  which  drains  a  large  area  to  the  west  and  has  numer- 
ous tributaries  from  the  north  toward  (ilacier  Mountain,  has  sunk 
itself  in  a  canyon  like  that  of  Fortymile,  and  flows  in  an  easterly 
directicm  to  the  main  river.  South  Fork,  on  the'  other  hand,  flows  in 
a  general  northerly  direction  in  a  canyon  which  becomes  more  oj^en 
toward  the  south  and  bends  aliruptly  to  the  west  about  15  miles  alcove 
the  fork's;  5  miles  beyond,  it  divides  into  Denison  and  Mosquito  forks, 
which  drain  a  large*,  area  to  the  south  and  west.  Because,  of  its 
placers.  Chicken  Creek  is  an  important  tributary  of  the  latter. 
Walker  Fork  heads  on  the  Canadian  side,  flows  in  an  irregular  west- 
erly direction,  and  joins  South  Fork  about  V2  miles  south  of  the  main 
forks;  it  forms  the  southern  boundary  of  an  area  containing  several 
ci'eeks  of  economic  importance.  Fortymile,  l)etween  the  forks  and  the 
Iwundarv,  receives  from  the  south  several  small  tributaries,  of  which 
Canyon  Creek,  about  5  miles  west  of  the  boundary,  is  the  most  im- 
portant. A  larger  number  of  creeks  are  tributary  from  the  north, 
but  most  of  them  are  small.  O'Hrien  Creek,  however,  gathers  the 
drainage  from  an  area  extending  ^25  miles  to  the  north,  where  its  most 
distant  sources  are  opposite  those*  of  Americ^an  Creek. 

Mission  Creek  system. — The  Mission  Creek  system  drains  the  area 
between  Glacier  Mountain  and  P^agle.  The  headwaters  of  its  many 
tributaries  are  cutting  into  the  plateau  surface  far  more  vigorously 
than  are  those  of  the  Fortymile  system,  which  flow  in  less  accentu- 
ated  valleys  on  the  southern  side  of  the  divide  with  the  decreased 
I)ower  due  to  greater  distance  from  the  major  stream.  For  the 
greater  portion  of  their  courses  Mission  Creek  and  its  tributaries  flow 
in  a  northeasterly  direction.  At  the  point  where  Excelsior  Creek 
joins  it  the  main  stream  turns  nearly  at  right  angles  to  its  former 
direction,  and  flows  southeast  for  a  distance  of  about  8  miles  to  the 
Yukon.  The  valley  through  this  part  of  its  course  is  unsymmetrical, 
being  bounded  on  the  north  by  a  stei>p  ridge  and  on  the  south  by 
a  slope  3  or  4  miles  in  w^idth,  which  rises  gradually  toward  the  higher 
level.    The  stream  belongs  to  a  smaller  class  tVv«i\v\\v<i¥oYV^\\\Avi,'^.\A\^ 
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shallow  and  swift,  with  an  average  width  of  i)erhaps  30  feet.  Amer- 
i(!an  Creek  is  its  most  important  tributary. 

Seventymde  Hystem. — The  Seventymile,  which  is  nearly  the  size  of 
Fortynijle,  has  a  length  of  about  75  miles,  and  flows  in  a  general  east- 
erly course,  through  a  l)eautiful  valley,  to  the  Yukon,  about  25  miles 
bolow"  Eagle.  Its  upper  valley  is  of  the  canyon  type,  but  at  Barney 
(.reek,  about  30  miles  west  of  iiagle,  it  becomes  broader,  and  is 
bounded  on  the  north  by  a  high,  steep  ridge,  and  on  the  south  by  mas- 
sive spurs  that  desc-end  rather  abruptly  from  the  plateau  region  to  the 
foot  of  a  flat  which  is  about  one-half  mile  in  width  and  from  10  to 
20  feet  above  the  level  of  the  present  stream.  In  the  canyon  portion 
the  spurs  from  the  hills  to  the  south  are  even  more  clearly  benched  than 
are  those  on  the  Fortymile.  The  surface  of  the  most  prominent  bench, 
500  feet  above  the  stream,  is  shown  in  the  accompanying  photograph 
(PI.  Ill,  B),  Farther  south  the  hills  rise  to  a  height  of  about 
•2.500  feet  or  more  alwve  the  river,  and  exhibit  beautifully  preserved 
rock-cut  benches  to  their  sunnnits,  which  are  flat  topped,  several  acres 
in  extent,  and  often  correspond  in  level  to  the  truncated  tops  of  neigh- 
l)oring  hills.  The  benches,  except  where  obscured  by  gulches,  can  be 
traced  around  the  hills;  they  are  especially  prominent  on  the  spurs 
and  occur  at  corres^wnding  levels.  The  vertical  distance  between 
the  step-like  Inuiche^s  varies  from  a  few  feet  to  alx)ut  50  feet,  the 
rise  from  one  to  the  other  often  showing  an  outcrop  of  the  bed  rock. 
The  rocks  comprising  ihis  area  are  highly  contorted  metamorphic 
schists  and  granular  intrusives.  Whatever  the  bed  rock  or  its  atti- 
tude, the  same  forms  have  been  developed  and  are  most  striking  fea- 
tures of  the  laiulscape.  Similar  forms  were  obst^rved  in  other  locali- 
ties on  the  northern  side  of  the  Vukon-Tanana  countrv,  but  nowhere 
exhibited  such  develoj)ment  as  in  the  valley  of  the  Seventymile. 

The  tributaries  from  the  north  are  short  and  enter  the  river  through 
deep,  narrow  canyons.  Some  of  those  from  the  south  attain  a  length 
of  from  VI  to  15  miles.  Bryant,  Mogul,  (xranite,  and  Flume  arc  the 
most  imj)()rtant.  Thes(»  head  in  iK^autiful  open  valleys,  which  l)ecome 
narrower  as  tlie  main  river  is  approached,  until,  in  the  lower  portions, 
tlie  streams  flow  throui^h  narrow  canvons  cut  bv  them  in  the  broad, 
flat  Ix^nch,  which,  at  the  Seventvmile,  is  about  500  feet  above  the 

ft 

stream. 

The  river  can  1m'  easilv  lorded  on  foot  at  low  water,  and  with  the 
excej)tion  of  a  short  portage  at  the  falls,  is  generally  navigable  for 
small  l)oats  nearlv  to  Hnrnev  (^reek. 

The  sauie  type  of  count rv  prevails  from  the  Seventymile  to  the 
Birch  Creek  region.  Ridges  like  (ilacier  Mountain,  however,  are 
more  i)rominently  develojKMl.  One  extending  froui  the  Seventymile 
:il)out  opposite  the  mouth  of  Flume  Creek  for  about  15  miles  in  a 
westerly  direction  is  the  most  conspicuous  example.     The  altitude  is 
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al)out  0,000  feet,  the  same  as  that  of  Glacier  Mountain ;  it  has  several 
sharp,  precipitous  peaks,  and  the  northern  slopes  are  deeply  fur- 
rowed by  minor  streams.  The  country  to  the  north  is  one  of  open 
valleys  and  broad  interstreara  areas,  where  the  minor  lines  of  drain- 
age have  been  gathered  into  a  few  main  streams  which  flow  in  a 
northerly  direction  toward  the  Yukon. 

The  most  important  streams  between  the  Seventymile  and  Birch 
Creek  are  Flat  Creek  and  Charley  River.  The  former,  which  is  about 
14  miles  west  from  the  mouth  of  Flume  Creek,  on  the  Seventymile, 
flows  in  a  canvon  within  an  older  vallev  like  that  of  the  Seventymile, 
but  is  a  much  smaller  stream.  Charley  River,  which  is  8  miles  farther 
west,  is  of  the  Birch  Creek  type.  It  meanders  in  a  narrow  canyon 
about  500  feet  deep,  the  course  of  whic;h  is  northeasterly  toward  the 
Yukon.  The  river,  which  rises  far  in  the  interior,  has  a  width  in  this 
lower  portion  of  its  course  of  200  to  300  feet,  can  be  easily  forded  on 
foot  at  low  water,  and  is  said  to  lie  navigable  for  small  boats  for  a 
distance  of  100  miles  above  its  mouth. 

BIRCH    CREEK    REGION. 

General  oharneter. — This  region,  situated  about  50  miles  south  of 
the  Yukon  at  Circle,  is  shown  (m  the  reconnaissance  map  of  the  Birch 
Creek  and  Fairbanks  districts  (PL  XITT).  The  general  characteris- 
tics of  prominent  ridges,  less  prominent  isolated  domes,  and  an  undu- 
lating plateau  surface  deeply  incised  by  many  streams  are  the  same 
as  in  the  Fortymile  region.  Here,  however,  the  ridges  dascend  to 
the  surface  of  an  extensive  flat  about  800  feet  above  sea  level  and 
40  miles  in  width,  which  extends  from  their  base  to  the  Yukon. 
This  ill-drained  area  is  flecked  with  lakes  and  crossed  by  the  mean- 
dering drainage  from  the  plateau.  A  prominent  ridge,  similar  to 
that  of  Glacier  Mountain,  can  be  seen  from  the  plateau  level  about 
40  miles  to  the  west.  The  most  prominent  domes  are  Mastodon  and 
Porcupine,  4,400  feet  and  about  4,900  feet,  re^spectively,  situated 
about  8  miles  apart,  near  the  area  of  economic  interest. 

Blrf'h  (■reek  sf/stern. — The  creeks  of  importance  all  lx».long  to  the 
drainage  system  of  Birch  Creek,  a  stream  comparable  with  Forty- 
mile  Creek,  which  receives  many  active  tributaries  ramifying  far 
within  the  plateau,  and,  after  flowing  parallel  with  the  Yukon  in  a 
long  meandering  northwesterly  course,  finally  joins  that  stream  below 
the  great  bend  at  the  Arctic  Circle  (map,  PI.  XVI).  It  is  formed 
bv  North  and  South  forks  (which  have  southeast  and  northwest 
course>>,  respectively,  to  the  point  of  union,  just  within  the  edge  of 
the  plateau)  and  flows  northward  through  a  narrow  canyon  into 
the  Yukon  flat.  North  Fork,  which  is  the  more  powerful  stream, 
drains  a  large  area  to  the  west  and  south,  the  headwaters  inter- 
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locking  with  those  of  streams  tributary  to  the  Tanana.  South 
Fork,  G  niilos  to  the  southeast  of  the  main  forks,  divides  into  two 
strong  tributaries,  and  these  rapidly  split  up  into  numarous  smaller 
streams  which  are  deeply  sunk  within  the  region  and  interlock  with 
the  system  of  the  Charley  River  to  the  east  and  southeast  The  val- 
leys of  the  two  main  forks  are  bounded  to  the  north  by  a  steep  slope 
rising  1,000  feet  or  more  above  them«  A  well-defined  bench  about 
100  feet  above  the  preset  streams  bounds  the  narrow  valleys  to  the 
south,  and  extends,  with  a  gradually  rising  slope,  to  the  foot  of  the 
spurs  which  lead  to  the  higher  ridges.  About  5  miles  north  of  the 
hills  Birch  Creek  is  joined  by  Crooked  Creek,  which  flows  in  an 
easterly  direction  throu^  a  broad,  flat  valley  and  receives  the  waters 
of  several  short,  northward-flowing  streams  of  economic  importance, 
which  drain  the  edge  of  the  plateau.  The  wide  flat  of  Crooked  Creek 
merges  into  that  of  Birch. 

The  valleys  of  Mission  Creek,  Seventymile,  and  of  the  forks  of 
Birch  Creek  are  similar  in  that  they  have  an  unsymmetrical  section^ — 
steep  slopes  on  the  north  and  an  open,  more  or  less  benched  country 
to  the  south. 

FAISBAKKS  RBOIOK. 

OenercH  character. — ^This  region  occupies  a  position  on  the  south 
border  of  the  plateau  country  corresponding  to  that  of  the  Birch 
Creek  region  on  the  north,  and  is  also  shown  on  the  reconnaissance 
map  of  the  two  districts  (PI.  XTTI).  The  area  in  which  there  is 
present  interest  lies  between  Little  Chena  and  Chatanika  rivers,  and 
is  drained  by  their  tributaries.  The  general  character  of  the  region 
is  the  same  as  that  of  Birch  Creek,  except  that  the  plateau  region 
desceiTds  more  gradually  to  the  valley  of  the  Tanana  and  has  some- 
what lower  average  altitude.  Domes  which  have  received  local  names 
rise  above  the  general  level  to  a  height  of  2,000  to  3,000  feet  above 
sea  level.  The  valleys  are  more  open  than  those  to  the  north  and  the 
divides  separating  them  are  lower. 

Chatanika  and  Chena  tivcrs, — The  Chatanika  has  its  source  far 
back  in  the  plateau,  and  flows  in  a  southwesterly  direction  to  the 
Tanana.  Twenty  miles  to  the  east  is  the  Little  Chena,  which  flows 
in  a  course  parallel  to  the  Chatanika  and  joins  the  Chena  in  the 
flats  a  few  miles  south  of  the  plateau.  The  divide  separating  the 
Chatanika  and  the  Little  Ciiena  extends  in  a  southwesterly  direction 
parallel  to  their  courses  and  has  Ix^en  much  dissected  by  minor  tribu- 
taries, which  flow  to  the  northwest  and  the  southeast,  respectively, 
toward  these  streams.  The  occurrence  of  ^old  on  these  snuill  streams 
has    made    the    area    one    of   economic    importance.     The    distance 
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from  the  plateau  country  across  the  flats  to  Tauana  River  is  alwut 
8  miles.  The  Chena  Slough,  however,  from  the  main  river,  mean- 
ders along  the  northern  limit  of  the  flat  and  receives  the  streams  soon 
after  they  leave  the  hills.  The  altitude  of  the  slough  at  Fairbanks  is 
approximately  450  feet. 

GKOTX>GIC  8KT5TCH. 

INTRODUCTION. 

The  shape  and  surface  of  the  area  have  been  briefly  described,  and 
the  material  or  bed  rock  of  which  this  block  of  country  is  composed 
next  demands  consideration.  The  attainment  of  detailed  knowledge 
of  a  region  of  complex  geology  like  that  under  discussion  is  the  work 
of  many  years,  hut  the  results  from  the  various  reconnaissance  sur- 
veys have  thrown  much  light  on  the  broader  geologic  problems,  and 
these  are  epitomized  in  the  table  of  stratigraphic  succession  to  follow, 
as  well  as  on  the  map  (PI.  IV). 

Both  in  the  field  and  in  the  laboratory  the  writer's  chief  energies 
have  been  directed  toward  a  study  of  the  economic  problems,  to  which 
the  ])urely  geologic  investigations  have  been  made  entirely  subor- 
dinate. In  view  of  this  and  because  more  detailed  studies  of  the 
stratigraphy  are  to  be  undertaken,  only  a  few  general  conclusions  in 
regard  to  the  geology  will  l)e  here  presented.  The  stratigraphic 
succession  of  the  general  province  will  be  presented  in  tabular  form, 
but  in  the  text  onlv  those  formations  and  rocks  which  the  writer 
has  personally  studied  will  be  considered,  and  these  chiefly  fnmi  the 
standpoint  of  economic  importance,  the  constant  aim  being  to  present 
such  matter  as  will  enable  the  miner  to  understand  better  the  relation 
of  the  deposits  in  which  he  is  interested  to  the  bed  rock  in  which 
they  occur,  or  from  which  they  have  been  derived. 

The  rocks  include  repres^Mitatives  of  the  igneous  and  sedimentary 
classes — those  clearly  formed  by  solidification  from  a  molten  condi- 
tion and  those  which  have  Iwen  deposited  through  the  agency  of 
water — and  the  metamorphic  rocks — a  class  most  important  in  this 
region — which  result  from  the  alteration  of  either  of  the  others. 

(jranite,  which  occurs  abundantly  in  this  area,  illustrates  the  first 
class.  The  minerals  of  which  it  is  composed  have  developed  in  place 
as  the  final  result  of  the  slow  cooling  to  which  the  rock  material  has 
been  subjected.  With  rapid  cooling  there  would  have  been  little 
opportunity  for  the  development  of  minerals,  and  the  molten  mass 
would  have  ccmsolidated  as  a  product  somewhat  resembling  the  slag 
from  a  glass  furnace.  Coarse-grained,  fine-grained,  and  glassy  rocks, 
entirely  different  in  appearance,  may  thus  result  from  the  same  mate- 
rial simply  through  a  difference  in  the  conditions  of  solidification; 
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but  whatever  the  conditions  the  resultfttit  products  have  the  earmarks 
of  igneous  origin. 

Shale,  sandstone,  and  conglomerate,  which  are  very  ccnnmoti  in  the 
Seventymile  Valley,  are  composed,  on  the  other  hand,  of  mud, 
rounded  grains,  and  pebbles,  respectively,  arranged  in  leather  well- 
defined  layers  that  give  the  coarser  varieties  a  banded  appearance. 
All  lines  of  evidence  lead  to  the  conclusion  that  such  characters  are  due 
to  the  reworking  and  sorting  of  material  derived  from  older  rocks%nd 
its  subsequent  deposition  by  water.  Except  that  they  are  consolidated 
and  folded,  these  rocks  differ  in  no  essential  respect  from  similar 
deposits  now  in  process  of  formation.  Limestones  also  are  knoira  to 
have  been  deposited  under  water  and  often  contain  recognizable 
remains  of  organisms.  The  unaltered  igneous  and  sedimentary  tocks 
thus  show  their  mode  of  origin  by  their  characteristics. 

The  most  widely  distributed  rocks  withiii  this  area  are  the  schists 
and  gneisses,  rocks  whidi  have  been  so  changed  by  complex  processes 
of  metamorphism  that  their  origin  is  often  in  doubt  The  sedi- 
mentary and  igneous  rocks,  in  pacing  through  the  metamorphic  mill, 
have  had  new  minerals  developed  and  new  structures  imposed  upo£ 
them  until  their  primary  characteristics  are  obscured  or  replaced  bp^ 
those  of  a  secondary  nature.  Further,  these  two  classes,  which  are 
in  places  most  intimately  mingled,  react  on  each  other,  and,  besid^ 
the  mutual  results  of  such  close  relation,  have  often  undergone 
together  the  processes  of  metamorphism.  The  formation  of  quartz 
veins  is  generally  an  accompaniment  of  these  changes,  while,  locally, 
the  quartz  veins  or  the  rocks  themselves  have  been  mineralized  and 
become  sources  of  some  of  the  gold  deposits,  the  discovery  of  which 
has  made  the  region  of  importance  and  rendered  the  distribution  of 
the  metamorphic  rocks  a  problem  of  economic  interest. 

STRATIQRAPHIC  SUCCESSION. 

An  important  purpose  of  all  geologic  work  in  any  given  province  is 
to  determine  the  sequence  of  the  strata  which  outcrop  in  the  area.  In 
a  region  where  the  rocks  have  been  much  deformed  the  succession  can 
Iw  definitely  established  only  after  the  most  painstaking  and  detailed 
studie^s,  which  in  the  Yukon-Tanana  region  have  not  yet  been  begun. 
The  re^sults  of  the  various  surveys  have,  however,  determined  the  suc- 
cession of  the  larger  subdivisions  of  a  geologic  time  scale,  which  is 
ju'esented  in  the  following  table.  This  scale,  which  is  practically 
identical  with  that  prepared  by  Mr.  Collier''  with  the  cooperation 
of  Mr.  Brooks,  will,  in  connection  with  the  map  (PI.  IV),  elucidate 
the  general  geologic  features. 

«  Collier,  Arthur  J.,  The  coal  resources  of  the  Yukon  :     Bull.  U.  S.  Geol.  Survey  No. 
218,  11)08,  p.  15. 
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Provisional  tabular  statement  of  Yukon  stratigraphy. 


Age. 


Quaternary  . 

PoRt-Eocene: 
Tertiary 
Ekxsene 


Upper  C  r  e  t  a 
ceons. 

Lower  Greta 
ceoos. 

Do 


Formation  name. 


iAllnvinm . . 
Yukon  silts. 


Renai   forma- 
tion. 


Contact  relations. 


Permian 


Mississippian. 


Devonian 


Pre- Devonian 


Do 


Archean? 


Rampart   for- 
mation. 


Fortymile  for- 
mation. 

Birch  Creek 
schists. 

Pelly  gneiss . . . 


Unconformity . 

(?) 

(?) 

Conformitjr?- .  - 

(?) 
Conformity  ... 
Unconformity  - 

do 


Litbologic  character. 


(?) 

Unconformity 
Conformity  .. 


Flood-plain  det)osits. 

Fresh- water  silts,  sands,  and 
gravels. 

Sands,  clays,  and  gravels. 

Fresh-water  sandstones, 
shales,  and  conglomerates. 

Fresh- water  and  marine  sand- 
stones, shales,  arkoses,  and 
conglomerates. 

Fresh-water  calcareous  sand- 
stones. 

Marine,  black,  slaty  shales, 
and  thin-bedded  limestones. 

Marine,  massive,  white  lime- 
stones, heavy  conglomer- 
ates, and  gray  shales. 

Marine,  black  slates,  and  thin- 
bedded  limestones. 

Volcanic  material,  interbed- 
ded  with  limestone,  slate, 
etc\ 

Schists  and  crystalline  lime- 
I      stones. 

Quartzites  and  schists. 


Unconformity.   Gneissoid  and  schistose  gran- 
ites. 


The  region  visited  by  the  writer  is  largely  occupied  by  the  meta- 
morphic  sediments  called  in  the  table  the  Rin^h  Creek  schists  and  the 
Fortymile  formation,  by  the  Dev(mian  rocks  (Rampait  formation), 
by  igneous  intrusions,  by  Tertiary  sandstones  and  conglomerates 
(Kenai),  and  by  the  Quaternary  deposits.  These  formations  will 
therefore  Ih»  described,  but  the  Carboniferous  and  Mesozoic  horizons, 
which  have  not  l)een  studied  bv  the  writer,  will  receive  no  further 
consideration. 

GEOLOGIC  MAP. 

Though  much  of  the  Yukon-Tanana  country  has  not  l)een  sur- 
veyed in  detail,  yet  the  general  facts  of  rock  distribution  indicated 
on  the  accompanying  maj)  (PI.  IV)  are  probably  correct.  The  writer 
is  only  responsible  for  the  geolog^^  of  the  central  j)art  of  the  area,  that 
along  the  Yukon  being  based  on  Collier's  work,  while  the  southeast- 
em  and  southwestern  parts  are  based  on  the  Brooks  surveys. 

It  is  of  interest  to  note  the  general  facts  of  distribution.  A  broad 
belt  of  gneisses  and  schists,  termed  the  Pelly  gneisses^  stretches  uortlv 
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westward  from  the  Canadian  boundary  probably  to  the  Saldia  Val* 
ley.  These  gneisses,  provisionally  assigned  to  the  Archean^  are 
flanked  both  north  and  south  by  the  metamcnrphic  sediments,  which 
include  the  Birch  Creek  schists  and  Fortymile  formation.  These 
later  occupy  a  broad  zone,  which  is  probably  cx>ntinttous  from  the 
Fortymile  basin  to  the  valley  of  Beaver  Creek/ interrupted  only  by 
smaller  areas  occupied  by  intrusives,  or  Devonian  or  Tertiary  forma- 
tions. The  Devonian  (Rampart  formation)  finds  an  umgular  dis- 
tribution in  small  patches  m  the  eastern  portion  6t  the  country;  w€st 
of  the  Beaver  Valley  it  attains  an  extensive  development.  Sim^ 
Mississippian,  Permian,  and  Cretaceous  rocks  outcrop  along  rtlie 
Yukon  between  Eagle  and  Circle,  and  Carboniferous  rocks  have  be^i 
found  west  of  the  Beaver  Valley,  but  rocks  of  these  ages  have  not  been 
recognized  elsewhere  in  the  district,  though  it  is  quite  possible  that 
detailed  surveys  may  discover  them. 

If  this  map  has  any  fflgnificanoe  to  the  placer  miner,  it  lies  m  tbe 
distribution  of  the  metamorphic  sediments  which  nearly  everywhere 
seem  to  be  the  source  of  the  placer  gold.  It  is  possible  that  the  igne- 
ous rocks  of  the  Bampart  formation  may  also  be  gold  bearing,  but  in 
the  placer  districts  studied  by  the  writer  the  source  of  the  gold  seemed 
in  most  instances  to  lie  in  the  metamorphic  sediments.  This  fact 
leads  to  the  conclusion  that  the  most  promising  fields  for  prospecting 
will  be  the  areas  occupied  by  these  metamorphic  rocks.  Furthermore, 
the  prospector  should  pay  special  attention  to  localities  in  which  igne- 
ous intrusives  are  plentiful,  for  the  auriferous  veins  seem  to  be  largely, 
if  not  entirely,  confined  to  such  associations.  The  economic  impor- 
tance of  the  Tertiary  lies  in  its  being  the  coal-lx^aring  horizon  of  the 
c!i  strict. 

SEDIMENTARY  AND  METAMORPHIC  FORMATIONS. 

There  are  many  unsolved  problems  regarding  the  subdivisions  and 
stratigraphic  succession  of  the  rocks  occurring  in  different  I'egions 
of  the  Yukon-Tanana  country.  Gneissc^s,  quartzite-schists,  and 
schists  of  various  kinds  with  intorbedded  crystalline  limestones,  have 
l)een  considered  as  the  oldest  rocks  and  their  relations  have  been 
studied  by  a  numl^er  of  observers.  Gneisses  and  schists,  possibW 
forming  a  basal  complex,  are  most  extensively  developed  in  the 
soutlieastern  portion  of  the  country  toward  the  Tanana,  the  quartzite- 
schists  in  the  Birch  Creek  and  Fairbanks  regions,  and  schists  with 
interlxHlded  limestones  in  tlie  wallev  of  the  Fortvniile..  In  both  the 
Birch  Creek  and  Fortymile  regions,  however,  tlie  latter  types  occur 
in  closi*  ivlation,  associated  with  local  areas  of  gneiss.  The  problem 
of  separation  is  further  complicated  by  tlie  close  folding  which  the 
schists  have  undergone.    These  old  rocks  will  be  considered  here  in 
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the  ordor  in  which  they  have  Ix^en  mentioned,  without  hiying  too 
much  stress  on  their  sejmration,  se<iuence,  or  age. 

A  formation  composed  of  limestone,  quartzite,  shale,  and  chert 
beds,  with  closely  associated  tuffs,  serpentine,  and  diabase,  occurs 
alK)ve  the  older  r(K*ks,  is  nuieh  less  metaniori)hosed,  and  is  generally 
<*haracterize<l  by  its  green  ignw)us  content.  This  is  the  Rampart 
formation  of  Spnrr. 

The  massive  (M)nglomerate  and  shales  of  the  Kenai  form  the  young- 
est consolidated  sediments  observed. 

The  Quaternary  unconsolidated  deposits  include  the  bench  gravels 
and  stream  deposits. 

The  igneous  rocks  are  both  intrusive  and  extrusive.  There  are 
granular  representatives  which  vary  in  composition  from  acidic 
granite  to  gabbro,  and  occur,  so  far  as  known,  as  intrusive  masse^s  in 
all  the  formations  but  the  Kenai.  Extrusives  are  associated  with 
the  rocks  of  the  Rampart  formation,  and  some  limited  areas  of  fresh 
olivine-basalt  that  were  encountered  j)robably  represent  flows  of  com- 
paratively rec(»nt  origin.  Dikes  and  sills  are  numerous  and  vary 
greatly  in  composition. 

PELLY    0NET8S. 

Large  areas  of  gneissoid  rocks,  provisionally  assigned  to  the 
Archean,  have  lx»en  descril)ed,  the  most  extensive  one  in  the  Yuk(m- 
Tanana  country  being  found  along  the  north  side  of  the  Tanana  west 
from  the  l)oundary.  This,  as  described  by  Brooks,'*  consists  of  roi^ks 
which  vary  in  character  from  comparatively  massive  granite  to  mica- 
schists,  and  may  include  some  sediments.  The  rocks  generally  exhil)it 
a  gneissoid  structure  due  to  dynamic  metamorphism.  Areas  of  similar 
rock  in  the  vicinity  of  the  Fortymile  were  studied  by  Spurr ''  and 
referred  by  him  to  the  basal  granite.  liocal  areas  of  gneiss  were 
observed  in  1J)08,  but  the  relations  were  not  worked  out  in  sufficient 
detail  to  justify  definite  conclusions  as  to  their  origin.  It  is  believed, 
however,  that  th(\v  represiMit  metamorphoscMl  granitic  intrusives,  like 
those  descrilHMl  bv  McConnelL' 

HIRC^II  (TtEEK  SriTISTS. 

The  quartzite-schists  have  l)e(Mi  described  and  named  by  Spurr''  the 
Birch  C/reek  formation.     These  rocks  ai*e  uiost  extensively  developed 

"Brooks,  Alfred  11.,  A  reconnalssjince  in  Ihe  White  amd  Taniinn  river  basins,  Alaska, 
in  181)S:  Tweulleth  Ann.  Kept.  V.  S.  (ieol.  Snrvey.  pt.  7.  1!MM»,  pp.  4«0-47() ;  A  recon- 
naissance from  Tyraniid  llarboi  to  Kaj;h'  City,  Alaska  :  Twenty-tlrst  Ann.  Uei)(.  V.  8. 
(Jeol.  Survey,  pt.  L'.  IDon,  pp.  .'^-iri  :',r»M. 

*  Spurr,  .T.  K..  <;eolo;;y  of  the  Yukon  ^old  district:  KIghteenth  Ann.  Kept.  V.  S.  (Jeol. 
Survey,  pt.  :J,  ISDH,  pp.  l.U    i:^. 

'^  McConnell,  U.  <!.,  Note  on  the  so-called  hasal  k'*J>»H<*  <»f  the  Yukon  Valley:  Am. 
Geolojcist,  vol.  no,  IDoj,  pp.  .'ir»-tiL». 

•*  Spurr,  .1.  10.,  Cteolo^y  <»f  Ihe  Yuk(»n  jxohl  (llstrict,  Alaska:  Klgli(iM»nth  Ann.  Kept. 
U.  8.  <ieol.  Survey,  pt.  'A,  ISIM).  pp.  llo   11.",. 
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in  the  Birch  Creek  region  and  southward  to  the  Xanana.  The  rock 
varies  from  a  massive  quartzite  to  quartz-mica-schist ;  a  quartzite- 
scliist  is  most  common.  At  the  one  extreme  is  a  pure,  light-colored, 
massive  quartzite,  composed  almost  entirely  of  fine,  rounded  or  inter- 
lockinpf  quartz  grains,  with  occasional  grains  of  bluish  quartz  which 
attain  a  diameter  of  a  millimeter  or  more.  In  other  lo(»alities  the 
rock  breaks  more  easily  along  planes  which  show  glistening  flakes  of 
mica  on  their  surfaces.  The  quartz  grains  are  still  round,  and  the 
development  of  mica  is  practically  the  only  change  which  has  taken 
place ;  then  the  grains  become  elongated,  the  proportion  of  mica,  both 
muscovite  and  biotite,  increases,  and  finally,  in  some  localities,  the 
rock  has  become  a  quartz-mica-schist.  Graphitic  phases  are  com- 
mon, and  metamorphic  minerals,  especially  garnet,  are  frequently 
developed  during  this  process. 

The  rocks  have  not  only  undergone  changes  in  composition,  but 
have  been  folded  upon  themselves  so  closely  that  the  structure  is 
apparently  simple.  Examination,  however,  discloses  minor  folds 
with  limbs  so  sligntly  divergent  as  to  appear  like  separate  beds  of 
strata  in  nearly  parallel  positions;  furthermore,  the  folds  are  often 
horizontal,  and  the  area  resembles  one  of  slightly  folded  rocks.  Most 
instructive  examples  of  these  closely  appressed  folds  were  observed 
along  the  trail  from  Circle  to  Fairbanks,  the  structure  being  appar- 
ently a  characteristic  one.  Determinations  of  the  thickn(»ss  of  these 
rocks  become,  therefore,  very  uncertain.  The  strike  of  the  axial 
planes  of  the  folds,  where  observable,  is  about  east  and  west,  and  their 
dips  have  a  maximum  of  alK)ut  45°;  the  most  important  system  of 
joints  strikes  northwest. 

In  the  section  f  I'om  the  Birch  Creek  to  the  Fairbanks  region,  a  dis- 
tance of  nearly  150  miles,  the  rocks  show  a  great  uniformity  in  com- 
position. A  small  outcrop  of  closely  folded  calcareous  beds  was 
observed  at  the  mouth  of  Mastodon  (yreek,  in  the  Birch  Creek  region, 
and  a  small  quantity  of  limestone  is  interlxnlded  with  the  quartzite- 
schist  about  Ki  miles  northeast  of  Fairbanks  Creek.  The  strike  at  this 
locality  is  N.  80'^  K..  and  the  dip  of  the  structure  30°  to  the  south. 
Occasional  feldspathic  schists,  which  are  possibly  altered  igneous 
rocks,  were  observed  interlnHlded  with  the  others.  Inti'usives  o(;cur  in 
the  Birch  (^reek  region  and  in  the  Fairbanks  region,  but  none  were 
ol>served  in  the  intervening  area.  The  rocks  contain  numerous  snuill 
(piartz  seams,  and  locally  have  been  more  or  less  mineralized.  Pyrite 
is  t)ften  seen  in  the  schists,  and  j)ieces  of  schist  have  l)een  found  con- 
taining gold-bearing  quartz.  The  gold  in  tlu^  placers  of  the  Bircli 
Creek  and  Fairbanks  regions  has  l>een  derived  from  these  rocks. 

The  contact  of  these  rocks  with  the  Fortvmile  formation  was  not 
observed,  but  from  the  dominant  lines  of  structure  it  would  seem  that 
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they  underlie  the  latter.  The  Fortymile  rocks  occur  6  miles  east  of 
the  forks  of  Birch  Creek,  where  they  liave  a  uorthwesterly  strike  and 
a  northeasterly  dip.  Farther  west  the  strike  swerves  round  toward 
the  north,  and  this  would  carry  them  outside  of  and  dipping  away 
froui  the  rocks  of  the  Birch  Creek  formation.  The  same  formation 
occurs  in  the  eastern  portion  of  the  Fortymile  region,  where  their 
occurrence  has  l>een  descril:>ed  by  Spurr  in  the  report  to  which  refer- 
ence has  already  been  made. 

FORTYMILE   FORMATION. 

The  formation  described  and  named  by  Spurr  «  the  Fortymile  series 
is  most  extensively  developed  in  the  Fortymile  region.  A  fine  ex- 
posure of  the  rocks  composing  this  formation,  however,  is  shown 
in  the  ridge  referred  to  above  between  the  forks  of  South  Fork  of 
Birch,  about  0  miles  east  of  the  main  forks  of  Birch  Creek,  where  a 
long,  irreguhir  spur  about  8  miles  in  length  descends  gradually  toward 
the  northwest  between  the  deep,  narrow  valleys  of  the  two  forks. 
The  roughest  part  of  this  spur  is  formed  by  outcrops  of  massive  crys- 
talline gray  limestone,  and  the  schists  also  contain  occasional  thin 
l)eds  of  limestone.  In  contrast  to  the  quartzite-schists,  these  rocks 
vary  greatly  in  character. 

The  most  (;onunon  rock  is  quartz-mica-schist,  containing  much  gar- 
net, staurolite,  and  biotite.  Hornblende-schists  occur,  sometimes 
closelv  associated  with  limestone,  and  there  are  some  thin  beds  of 
quartzite-scliist.  The  strike,  as  already  mentioned,  is  northwest,  and 
the  dip  20°  to  45°  to  the  northeast.  The  spur  terminates  abruptly  in  a 
prominent  point  1,500  feet  in  altitude  above  the  forks  and  IJ  miles 
to  the  east  of  them.  Just  below  the  forks  the  stream  has  cut  a  nar- 
row canyon  in  garnet  and  quartzite  schists,  which  may  be  transitional 
to  the  Birch  Creek  fonnation.  The  thin-bedded  character  of  the 
schists,  their  northeasterly  dip,  and  the  spur  of  garnet-staurolite- 
schist  to  the  southeast  are  slu)wn  in  PI.  V,  A.  Thev  are  here  cut  bv 
small  granitic  dikes.  The  continuation  along  the  strike  of  the  Bircli 
Creek  rocks  would  carry  them  across  the  valley  of  Crooked  Creek 
toward  the  Crazy  Mountains.  In  the  other  direction  they  extend  to 
the  southeast,  and  to  the  south  of  the  northern  tributary  of  South 
Fork  of  Birch  form  a  prominent  ridge,  which  attains  a  height  of 
about  4,000  feet,  and  is  furrowed  on  its  southern  slopes  by  the  deep 
canyons  of  minor  trilnitaries.  Tlie  strike  is  uniformly  to  the  north- 
west and  tlie  dip  to  the  northeast. 

The  Fortymile  schists  attain  a  strong  development  in  the  Forty- 
mile  region  and  have  lK»en  desci'ibed  in  detail  by  Spurr.  They 
include   mica,  garnet,   hornblende,  quartzite,   and   graphite  schists. 

•op.  clt,  pp.  145-155. 
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Crystalline!  limestone  (K*eurs  in  l)e(ls  from  a  few  inches  to  50  fei»t  or 
more  in  thickness.  The  rocks  are  closely  folded  and  have  a  varial)le 
strike  and  dip,  with  a  general  strnctnre  nearly  east  and  west.  Con- 
torted strata  of  hornblende-schist  are  shown  in  PI.  V,  //.  These 
rocks,  like  those  of  the  lUrch  Creek  region,  contain  many  (juartz 
veins.  Ijocally  the  rocks  and  the  veins  have  been  mineralized  and 
lH>conie  the  source  of  gold. 

In  the  Fortymile  region  they  have  been  intnided  most  complexly 
by  igneous  I'ocks.  Some  of  these  have  undergone*  metamoi-phism 
along  with  the  schists  and  have  lx»come  an  intimate  j)art  of  them, 
while  others  are  fresh  and  varv  in  size  from  large  intrusive  masses 
down  to  thin  shei^ts  and  narrow  dikes.  The  accompanying  photo- 
graph (1*1.  VI,  .1)  shows  a  typical  outcroj)  of  hornblende-schist  with 
a  granitic  sheet  (>  inches  in  thickness  i)arallel  to  the  schistosity.  In 
prospecting  the  rocks  of  the  Fortymile  formation  the  marble  b<»ds 
have  often  lM?en  taken  for  veins,  and  mu(*h  labor  has  been  lost.  Thev 
are  often  in  a  nearly  vertical  position  on  account  of  the  closi^  folding 
which  the  rocks  have  undergone,  but  an  examination  will  show  that 
they  form  an  integral  jxirtion  of  the  country  rock,  and  can  be  traced 
s(Mnetimes  for  an  indefinite  distance. 

These  schists  are  prominently  deveh)ped  on  all  of  the  gold-proihu*- 
ing  creeks  of  the  Fortymile  area,  with  th(^  exception  of  Cliicken  Cre(»k. 
They  occur  to  the  southwest  of  tlu»  Fortymile  (|uadrangh'  around  the 
head  of  the  Buckskin,  alonjx  Confederate  Creek,  and  on  North  Fork 
of  Fortvmile  Creek.  Thev  were  observed  also  far  to  the  west,  alon*r 
Charl(»v  Kivei*. 

In  the  northern  portion  of  the  Fortymile  ([uadrangle  the  aival 
boundaries  are  not  clearly  determinatcMl.  IIornl)l(»n(le-schi>ts  and 
schistose  limestones  Occur  at  the  falls  on  llie  S(»\(»ntymile.  and  are  j)ro- 
visionallv  correlated  with  the  Fortvmile  rocks.  Quartzite-schists, 
similar  to  schists  of  the  Fortvmile.  dip  away  to  the  east  and  west 
from  the  northern  termination  of  the  intrusive  mass  of  (ilacier 
Mountairi.  It  seems  best  at  present  to  draw  the  boundaiy  between 
the  (juartzite-schists.  which  are  often  giaphitic.  and  th(»  limestone, 
which  at  several  hx^alities  occurs  to  the  north  of  them  and  is  inclu(le<l 
l)rovisionally  in  the  lvanii)art  formation.  This  limits  the  northern 
extension  of  these  rocks  to  a  line  running  noi-thwesterlv  from  the 
headwaters  of  American  Creek.  The  boundary  between  this  and  the 
succecMliuiT  formation  i>  |)r(>bai)lv  wvy  irreirular. 

The  Birch  Creek  and  I'ortvmile  formations  and  all  the  other 
metamorphic  schists  were  included  by  Brooks"  under  the  name  of 
Kotlo  series,  and  in  the  ge()h)gic  nia])  ( IM.  IV)  no  attempt  has  l>een 
made  to  difierent iale  the  various  uienibers.     The  age  of  these  rocks 

"  I^rooks.    AHroil    II..    A    rrcoDiiaiss.'itirc    from    I'yiiniid    Ilarboj-    1(»    J-^iltIc    <Mty.    Alaska: 
Tnonty-nrst  Auu.  Rvpl.   V.  S.  Ck'ol.  Siirvoy.  \)l.  '2,  IIKM*.  pp.  ;;57-ao8. 
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is  undetermined,  though  the}'  are  known  to  he  older  than  the  Devo- 
nian and  therefore  will  fall  in  the  lower  Paleozoic  or  pre-Cambrian. 

RAMPART   l'X)RMATl()N. 

This  formation  also  was  descril)ed  bv  Spurr'*  in  the  report  io 
which  reference  has  already  Ihhmi  made.  It  includes  limestones, 
(juartzites,  black  slaty  shales,  cherts,  giwu  shales  with  interbedded 
tuffs,  and  a  mass  of  igneous  material,  mostly  ser[)entine,  diabase,  and 
fine-grained  fragmental  volcanics,  which  have  imparted  a  character- 
istics green  color  to  the  formation.  A  problem  arises  in  drawing  the 
boundarj^  l)etween  these  rocks  and  those  of  greater  age.  In  discussing 
the  Fortymile  fornuition  the  line  was  drawn  between  a  quartzite- 
schist  and  a  rather  massive  limestone.  Several  sections  were  observed 
where,  in  passing  from  schists  Iwlieved  to  l)elong  to  the  Fortyinile 
formation  toward  th(»  rocks  that  are  characteristically  Kampart,  a 
limt^stone  occurs  closely  associated  with  the  gix*,en  igneous  rocks.  Such 
a  limestone*  outcrops  jus(  below  the  forks  of  Bryant  CrcH»k,  where  it 
forms  a  steep  slope  about  200  fei^t  in  height,  contains  some  fine- 
grained chert-like,  siliceous  IkhIs,  and  is  in  (tlose  contact  with  thegi'een 
igneous  rock.  The  ridge  to  the  n(u*th  of  P^xcelsior  Creek  and  along  the 
north  side  of  Mission  Creek  has  at  its  base  a  low  sharp  ridge  of 
(luartzite-schist  with  quartz  veins,  which  nuiy  possibly  belong  to  the 
Fortymile  formaticm.  This  is  separated  by  a  timbered  hollow  from 
the  main  ridge,  which  is  composed  of  gray  limestone  about  150  feet 
in  thickness,  capped  by  a  very  fine-graine<l,  green,  vesicular,  dia- 
basic  rock.  This  limestone,  which  forms  prominent  outcrops  all 
along  the  steep  slope  toward  Eagle,  has  frecjuently  associated  with  it 
bhuik  shaly  slates  and  is  everywhere  caj)ped  by  the  igneous  rock. 

In  the  Fortymile  region  south  of  Eagle,  b(»t  ween  the  graphitic  quartz- 
schist  and  the  green  schists  north  of  Thirteenmile  camp,  there  is  a 
limestone  which  occasionally  yields  fossils.  Only  crinoid  stems  were 
found,  an<l  these  an*  of  little  stratigraphic  value,  but  it  is  l)elieved 
that  this  limestone,  like  those*  above  mentioned,  is  more  closelv  related 
to  the  green  rocks  than  to  those  of  tlie  Fortymile  formation.  A  dark 
shaly  limestone  and  (hirk  sluiles  occur  also  between  the  greenstone 
urea  south  of  King  Solomon  Creek  and  the  metamoi'phic  schists  to 
the  north  of  this  creek.  It  is  deemed  l>est,  in  view  of  the  little  evi- 
dencte  at  present  availabh*,  to  include  all  the  rocks  above  descril)ed 
in  the  Rampart  formation.  The  members  of  this  formation  have 
Ixjcn  metamorphosed  far  less  than  those  of  the  Fortymile.  They  are 
well  developed  on  American  Creek  and  on  the  ridge  to  the  west,  fnmi- 
ing  a  belt  several  miles  wide,  with  a  northwest -southeast  trend.  This 
lx»lt  crosses  Bryant  CVeek  just  lx»low  the  forks  and  covers  a  consider- 
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able  area  to  the  south,  of  the  Seventymile;  •  it  also  crosses  Granite 
Creek  and  the  lower  part  of  Flume  Creek,  and  farther  west  lies  to  the 
north  of  the  Sev^itymile.  The  serpentines,  with  their  diabase  dikes 
and  a  medium-grained  massive  gabbro,  become  prominent  in  the  hi|^ 
ridge  which  extends  from  the  Seventymile  toward  Charley  River. 

Another  narrows  belt,  which  also  seems  to  have  a  northwesterly 
trend,  occurs  to  the  south  of  Eang  Solomon  Creek.  The  rocks  are 
found  again  to  the  southeast  of  the  Fortymile  quadrangle  and*  in 
the  far  southwest  between  Chicken  Creek  and  South  Fork.  The  dark 
shales  at  tiiis  locality,  which  carry  gold  in  calbite  seams,  are  also 
referred  provisionally  to  this  formation.  These  rocks  seem  to  overlie 
unconformably  the  Fortymile  rocks.  Their  age  is  prdbably  Devo- 
nian. 

KBNAI  VOnMATlOK. 

Far  younger  than  the  rocks  above  described  are  those  of  the  Keiiat 
formation  of  Eocene  age.  They  are  best  displayed  in  the  lower  val- 
ley of  the  Seventymile,  where  die  river  is  bounded  on  either  ride  by 
high  ridges  of  massive  conglomerate,  with  interbedded  leaf-bearing 
shales.  These  occur  on  the  lower  part  of  Bryant  Creek  in  an  almost 
continuous  section  nearly  a  mile  wide.  The  creek  flows  northeast. 
About  4  miles  above  the  mouth  occur  thin-bedded  gray  and  black 
shales,  grits,  and  a  small  amount  of  conglomerate.  In  the  shales  are 
numerous  heavy,  yellow,  ferruginous  nodules,  often  containing  plant 
remains,  which  are  also  abundant  in  the  thin-bedded  grits.  The  strike 
is  about  N.  70°  E.,  and  the  dip  15°  to  the  north.  About  700  feet 
downstream  are  precipitous  slopes  of  conglomerate  with  an  east- 
west  strike  across  the  stream  and  a  nearly  vertical  dip.  Great 
slabs  of  this  compact  rock  have  fallen  from  the  slopes  and  lie 
weathering  at  their  bases.  These  beds,  with  possibly  some  shales, 
occur  over  a  width  of  about  3,000  feet  and  are  succeeded  bv  60 
feet  of  dark  and  gray  paper  shales  and  grit,  with  the  same  strike 
and  dip  and  in  close  contact  with  conglomerate  on  both  sides.  The 
shales  contain  many  plant  remains,  and  the  sandy  beds  of  the  con- 
glomerate next  to  them  exhibit  irregular  impressions  a  foot  or  more 
long  and  up  to  4  inches  wide.  These  show  generally  well-defined 
linear  markings,  and  there  seems  little  doubt  that  they  represent  some 
form  of  vegetable  life.  The  shales  are  succeeded  by  350  feet  of  con- 
glomerate, and  this  by  more  fine  sediments  50  feet  thick,  composed 
of  gray,  micaceous,  somewhat  loosely  consolidated,  leaf-bearing 
shales  and  grits  and  fine-grained  compact  shales,  where  the  leaves  are 
beautifully  preserved.  These  shale  beds,  like  the  others,  are  in  con- 
tact on  both  side^s  with  conglomerate;  that  on  the  downstream  side 
outcrops  with  possibly  some  interbedded  shales  for  nearly  a  quarter 
of  a  mile  to  a  point  where  a  wooded  slope  descends  gradually  toward 
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the  Seventymile.  Precipitous  slopes  were  seen  nearly  2  miles  to 
the  north  across  Seventymile,  These  were  not  virited,  but  in  the  con- 
tinuation of  these  slopes  a  few  miles  to  the  west  the  same  formation 
was  found.  The  maximum  size  of  pebbles  observed  in  the  conglom- 
erate was  5  inches ;  the  average  was  from  1  to  3  inches.  The  material 
b  mostly  black,  gray,  and  green  chert,  quartzite,  and  vein 
quartz.  The  rock  grades  into  a  sandstone  containing  black  chert 
pebbles  in  a  sandstone  cement  resembling  mortar.  All  the  way  to 
Barney  Creek  the  ridge  on  the  north  side  of  the  river  is  made  up  of 
this  formation,  either  nearly  vertical  or  dipping  steeply  toward  the 
valley.  The  cement  contains  much  ferruginous  matter,  and  the  rock 
breaks  down  easily  into  its  constituent  materials,  which  form  loose 
heaps  of  gravel  and  sand.  The  strong,  abrupt  spurs  on  the  south  of 
Seventymile  are  also  of  this  material  as  far  as  the  falls.  The  steep- 
ness of  the  dip  is  well  shown  in  the  nearly  vertical  position  of  the 
leaves  so  abundant  in  the  shale. 

On  the  west  side  of  Mission  Creek,  about  2  miles  above  Excelsior 
Creek,  there  is  a  bluff  150  feet  high  of  similar  conglomerate,  com- 
posed mostly  of  chert  and  vein  quartz.  Some  pebbles  of  quartzite- 
schist  were  seen.  Brownish  sandstone  is  associated  with  it  and  fer- 
ruginous nodules,  both  containing  the  same  species  of  plant  life  that 
were  found  on  Bryant  Creek.    The  dip  is  50°  to  the  northwest. 

A  similar  conglomerate  occurs  on  Wolf  Creek,  about  IJ  miles  above 
its  mouth,  forming  a  bluff  125  feet  high  on  the  west  side  of  the  creek. 
The  occurrence  is  very  similar  to  that  on  Mission  Creek;  the  con- 
glomerate varies  to  a  brownish  sandstone,  and  its  pebbles  are  mostly 
black  and  red  chert  and  vein  quartz  with  occasional  pieces  of  granite 
and  diorite.  Some  of  the  rock  weathers  easily  and  some  is  com- 
pact, like  that  of  Seventymile.  About  4  miles  above  the  mouth  of 
Wolf  Creek,  in  the  valley  of  a  small  tributary  from  the  west,  occur 
conglomerate,  brown  sandy  beds,  and  clay.  There  is  some  associated 
coal,  loose  pieces  of  which,  a  foot  or  more  in  diameter,  were  seen  at 
the  head  of  the  creek;  a  few  shallow  prospect  holes  had  been  sunk 
to  determine  its  amount.  The  coal  contains  grains  of  soft,  brittle 
amber.  Nodules  similar  to  those  on  the  Seventymile  were  found 
which  contained  ill-preserved  plant  remains  correlatable  probably 
with  those  of  the  Seventymile.  The  low  ridge  directly  south  of 
Eagle  is  also  composed  of  conglomerate,  which  continues  for  4  miles 
southwest  from  Eagle,  on  the  trail  to  American  Creek,  up  to  an  alti- 
tude of  about  2,000  feet.  This  is  probably  an  extension  of  that  on 
Wolf  and  Mission  creeks.  As  in  other  localities,  the  conglomerate 
breaks  down  easily  into  constituents,  and  the  gravels  thus  formed  may 
readily  be  mistaken  for  more  recent  deposits.  Conglomerate  occurs 
again  al>out  half  way  between  the  mouth  of  Excelsior  Creek  and  Gla- 
BuU.  251--05  M 3 


cier  Mountain.  This  may  be  an  independent  belt  or  mx  exbemsAmx 
from  the  main  mass. 

In  the  CJiicken  Creek  area  patches  of  sandstone  oocar,  with  asso- 
ciated shale  and  coi^  and  po6»bly  some  loosdiy  consolidated  con^om- 
erate.  As  on  Seventymile  and  Wolf  (sleeks,  there  are  femiginous 
nodules  whidi  contain  fragments  of  dicotyledonous  leavee.  The 
sandstone  and  shales  also  contain  plant  remains,  badly  presenred^  but 
indidding  the  relatioindhip  pf  these  beds  with  the  Kenai,  to  which 
they  are  proyisicmally  referred. 

Until  moro  detailed  stupes  are  made  it  iMLS  seamed  best  to  correlate 
with  the  Eocene  or  Arc^c  Miocene  the  rocks  of  all  the  localities  yis- 
ited,  where  conglomerate  beds  occur  assodated  with  sandstcme,  shale, 
and  coaL  Plant  remains  are  always  present,  and  where  determinable 
have  been  found  to  belong  to  this  h<»iz(m.  On  Napoleon  Creek  there 
are  conglomerates,  sandstone,  and  ooal-b^iring  beds  similar  to  those 
on  the  Chicken,  which,  with  those  on  the  Chicken,  have  been  referred 
fay  Spurr  and  Schrader  •  to  the  Ifission  Creek  formation.  The  prob- 
lem of  the  relations  of  the  younger  rodcs  to  the  underljring  metamw- 
{diics  and  to  each  other  requires  detailed  work  for  its  solution. 

A  deposit  on  the  west  side  of  Mission  Creek,  about  a  quarter  of  a 
mile  above  the  mouth  of  the  Excelsior,  unlike  any  seen  elsewhere  by 
the  writer,  was  described  by  Sdirader  ^  in  Spurr's  report  The  bluff, 
here  90  feet  high,  is  composed  mostly  of  very  slightly  consolidated, 
angular,  granitic  material.  Fragments  of  coarsely  porphyritic  light- 
colored  granite  2  feet  in  diameter  occur.  There  is  much  fine  material 
of  the  same  nature  and  a  few  water-worn  pebbles,  but  apparently  no 
chert  pebbles.  Some  thin-layered  beds  of  gray  sandstone  and  clay 
beds  with  carbonaceous  matter  occur.  The  outcrop  has  a  thickness  of 
about  30  feet  and  is  tilted  with  a  dip  of  50°  to  the  south ;  the  strike 
is  N.  35°  W.  It  is  capped  unconformably  with  20  feet  of  coai-se 
stream  gravels.  The  locality  is  about  1^  miles  below  the  bluff  on 
Mission  Creek,  where  the  Kenai  conglomerate  with  characteristic 
fossils  was  found ;  the  nearest  outcrop  on  the  north  is  quartzite-schist 
at  the  foot  of  the  hill,  a  quarter  of  a  mile  distant.  It  is  referred 
provisionally  to  the  Kenai. 

QUATERNARY  DEPOSITS. 

Bench  gravels. — Bench  gravels  are  common  and  attain  their  great- 
est development  near  the  larger  streams.  They  have  been  observed  in 
many  vallej^s  of  the  Fortymile  region  and  at  various  heiffhts.    The  land 

<■  Geology  of  the  Yukon  gold  district :  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 
1808,  pp.  175-176. 
*  Op.  cit.,  p.  339. 
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has  undergone  many  chani!!^  in  level,  which  have  been  nvor\li\l  im; 
the  valley  sides  by  benclies  and  doix^iis  of  jjravel,  which  indiv^i^  iht- 
fonner  water  levels  just  a>  mud  and  driftwixxl  re£ri>ier  the  level  of 
high  water  in  a  stream.  The  simplest  i^ase  is  perhaj'is  that  of  ?ev- 
entymile  Creek,  where  the  stream  is  at  present  >unk,  with  nearly  ver- 
tical banks,  to  a  depth  of  about  HO  feet  within  an  older  valley  a  half 
mile  or  more  in  width.  The  floor  of  the  older  vallev.  which  is  com- 
paratively  flat,  is  formed  of  the  upturned  beils  of  the  conglomeraie 
and  shale.  Before  the  stream  commenced  to  cut  its  pre^nt  shallow 
canyon  it  had  deposited  gravels  widely  over  the  surface  of  the  valley 
floor,  where  thev  have  been  left.  The  tributaries  necessarilv  had  a 
similar  development.  The  clean-cut  nx'k  l)encli  near  the  mouth  of 
Flume  Creek,  20  feet  in  height,  capped  by  several  feet  of  gravel,  is 
the  best  example  that  was  ol>served.  The  conditions  here  at  a  level 
of  only  20  feet  alx)ve  the  present  stream  were  rej^eated  at  various 
levels.  The  greatest  height  at  which  stream  gravels  ixvur  on  the 
Seventjnottile  has  not  been  determined.  The  most  prominent  bench  is 
500  feet  aliove  the  water,  but  no  gnivels  were  ol>serveil  at  this  level 
(PI.  Ill,  B).  On  Mission  Creek,  about  a  mile  l>elow  the  mouth  of 
Excelsior,  there  is  a  liench  V>  feet  high,  capjxnl  by  alxnit  T  feet  of 
gravel,  and  a  short  distance  al)ove  the  mouth  of  Excelsior,  on  Mi:?sion 
Creek,  a  bluff  70  feet  high,  capjXKl  by  20  feet  of  stream  gravels. 

The  FortjTnile  and  its  tributaries  are  prominently  IxmicIuhI.  The 
most  extensive  of  these  benches,  like  that  on  the  Seventvmile,  is  ThX^  to 
600  feet  alK)ve  the  stream,  (iravels  wert»  ol>serveil  near  I^manza  Uar 
200  feet  alxjve  the  stream,  and  gohl  in  paying  quantities  was  n*|x>rt*Hl 
in  the  high  gravels  nearly  opposite  Stei^le  CiVi»k.  On  Chicken  CnH*k 
bench  gravels  are  found  275  f(H»t  above  the  crtH»k,  and  the  distwery 
of  good  values  in  them  is  leading  to  an  investigation  of  similar 
deposits  in  many  places. 

Stream  ffraoeh, — The  gravels  of  the  pn*s<nit  stivams  liave  Uvu 
derived,  so  far  as  has  Ixvn  observed,  from  the  material  within  their 
immediate  drainage  areas,  either  that  of  the  IkmI  rix'k  or  of  older 
gravels  within  their  lK)r(leiN.  BaiN  were  worked  extensively  in  the 
early  days  on  the  Fortyinile,  and  at  the  present  time  a  snuiU  amount 
of  this  kind  of  work  is  IxMug  done. 

IGNEOUS  ROCKS. 

Igneous  rocks  occur  in  great  variety'  in  the  Yukon-Tanana  I'oinitry. 
Those  of  the  Fortymile  and  Hirch  Cre(»k  regions  have  Ixvn  di*Si*rilvd 
in  detail  by  Spurr,"  and  only  a  l)rief  reference  to  the  nu>st  important 
kinds  and  occurrences  will  here  Ih»  nndertakcMi. 

The  intrusives  are  granite,  diorite,  and  gabbro,  with  many  inter- 

•Op.  cit.,  pp.  2J5-250. 


86     F0STY1[I]:.S,  BIBOH  OKHK,  AXD.VAJXBASKS  VLkOEBO.  CmM.3B«-. 

mediate  types  and  altered  derivativefL    Hie  extrusiTes,  bo  fiw  » 
kDown,  are  diabases  aod  basalta.* 


The  granites  vary  gn-titly  in  mniptisition  mni  may  be  rou^ily 
divided  into  three  varieties — iilaskitr,  biotife-grnniti',  aod  hondilosde- 
granito.  The  alasldt*  is  composed  ainiost  entirely  of  qaartz  and  fdeh- 
spar:  it  oeeurs  generally  as  small  iinalteix'd  dikp-s  and  sills  in'4be 
KchisLs.  The  relation  of  thlK  roek  to  quartz  vciii-<  has  been  described 
in  detail  by  Hpnrr  in  the  chapter  to  which  reference  has  already  been 
made.  The  hiotite-grnnite  has  a  darlier  color,  due  to  the  preaenoe 
of  a  conaiderablo  proportion  of  biotite.  and  oireiiiw  sianetimes  in  hoffi 
ureas.  The  largest  mass  observed  is  west  nf  Charley  Biver,  where  it 
WII.S  traversed  for  ahont  10  mites.  The  rock  forms  a  bare  ridgs 
which  attains  an  altitude  of  about  4,000  feel.  It  is  ui  evenly  gn^iui- 
lar,  medium -grained  biotitu-granite,  with  pegtnatitic  areas  and  ^ 
local  development  of  a  gneissoid  structure.  A  sinular  rock  OCCtUCB 
commonly  in  the  Fortymile  i-egion,  and  a  Bne  porphyritic  phase  of  iC 
occurs  in  the  Birch  Creek  region,  where  it  is  found  on  the  geiA- 
priKlueiiig  creeks.  Some  of  the  gneisses  have  probably  been  formed 
by  metamorphism  from  granitic  rocks  which  were  perlmps  older  thim 
the  schists,  mid  others,  similar  in  charaeter.  from  later  intruaitHia 
which  have  Ijticn  metamorphoscil  nlnng  with  \\iv  rocks  in  which  tiwy 
are  contained.     There  are  some  areas  of  hornblende- granite. 


Diorite  occurs  in  limited  quantity,  and  many  rocks  intermediate 
in  composition  between  it  and  granite  are  found.  These  rocks  resem- 
ble hornblende -granite,  but  contain  much  plagioclasc  and  are  more 
closely  related  to  quartz-diorite.  A  rather  fine-grained  porphyritic 
variety  of  a  rock,  which  is  closely  related  to  quartz-diorite  and 
may  be  called  a  granodiorite-porpliyry,  occurs  on  Chicken  Creek  and 
is  composed  of  corroded  quartz  phenocrysts,  abundant  plagioclase, 
orthoclase,  much  hornblende  and  biotite,  considerable  titanite,  and 
apatite. 

A  large  mass  of  a  medium-grained  fresh  rock,  varying  in  composi- 
tion from  granodiorite  to  quartz-diorite,  forms  the  sharp  gray  ridge 
of  Glacier  Mountain,  20  miles  west  from  Kagle,  and  covers  a  consider- 
able area  to  the  westward.  Some  of  this  rock  contains  abundant 
quartz,  plagioclase,  biotite,  and  hornblende.  Other  varieties  contain 
considerable  orthoclase.  There  is  n  fine,  shar|>,  isolated  peak,  about 
6,000  feet  in  height,  on  the  westernniost  fork  of  Charley  River,  com- 
posed of  this  same  beautiful  rock.  This  locality  is  Ijoiinded  on  the 
north  by  the  large  area  of  hiotite-granite  already  describetl  and  on  the 
west  by  schists.     Like  the  granites,  this  rock  also  has  its  gneissoid 

ot  the  Portjf- 
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facies,  and  some  dikes  of  it  show  clearly  the  characteristic  effects  of 
dynamic  nietamorphisni. 

•  GABBRO. 

The  most  typical  occurrence  of  gabbro  is  in  the  ridge  that  begins 
a  short  distance  above  the  mouth  of  Flume  Creek,  on  the  north  side 
of  Seventy  mile  Creek.  As  far  as  observed,  this  ridge  is  composed  of 
gabbro  and  serpentine  cut  by  diabasic  dikes.  The  rough  ridges  and 
precipitous  peaks  in  which  these  rocks  express  themselves  make  this 
region  one  of  wild  beauty.  The  gabbro  is  a  dark,  greenish-gray, 
evenly  granular  rock,  composed  of  irregular,  equidimensional  grains 
of  plagioclase  and  monoclinic  pyroxene,  with  an  average  diameter 
of  from  2  to  3  millimeters.  Coarser  varieties  occur,  and  sometimes 
there  is  a  parallel  arrangement  of  the  minerals.  The  distribution  of 
this  rock  has  not  been  determined.  There  is  much  serpentine  and 
many  dikes  of  diabase  in  the  same  area. 

DIABASE   AND   BASALT. 

Isolated  diabasic  dikes  are  common  throughout  the  Fortymile  and 
Birch  Creek  regions,  but  the  most  important  occurrences  are  in  the 
Kampart  formation,  which  is  made  more  prominent  by  the  presence 
of  these  rocks  than  by  the  less  conspicuous  sedimentaries.  The  rocks, 
which  probably  comprised  originally  a  complex  of  basaltic  flows, 
dikes,  and  tuffs,  are  now  greatly  altered  and  contain  a  large  propor- 
tion of  serpentine.  A  fre^h  olivine  basalt  occu^  sparingly.  It  is 
best  developed  on  Chicken  Creek,  where  it  probably  occurs  as  a  flow. 
A  small  dike  was  observed  on  Confederate  Creek,  and  on  North  Fork 
of  Fortymile,  a  short  distance  above  the  "  Kink,"  two  dikes  occur. 

SUMMARY. 

The  region  is  a  complex  one,  composed  mostly  of  metamorphic 
rocks.  The  oldest  rocks  are  believed  to  be  the  granites  and  gneisses 
of  the  southeastern  portion,  the  contacts  of  which  with  later  rocks 
are  obscured  by  dynamic  metamorphism  and  by  the  presence  of  simi- 
lar rocks  of  intrusive  origin.  These  are  succeeded  by  a  closely  folded 
metamorphic  complex,  locally  separable  into  the  Birch  Creek  and 
Fortymile  formations.  The  Rampart  (Devonian)  rocks,  which  un- 
conformably  overlie  the  others,  contain  a  large  proportion  of  vol- 
canic material,  and,  like  them,  have  been  closely  folded.  Foldings, 
intrusions,  the  formation  of  quartz  veins,  and  mineralization  have 
probably  taken  place  at  several  periods.  The  material  of  the  Kenai 
was  deposited  on  these  older  rocks,  afterwards  folded  with  all  that 
had  gone  before,  and  still  later  worn  with  them  by  erosion  to  an 
undulating,  more  or  less  level,  surface.  Recent  elevations  and  de- 
pressions have  been  many  and  have  left  their  traces  on  the  terraced 
slopes  of  many  valleys  and  in  accumulaliorv^  oi  Ae^o^YV^^VJ&s^  "Ockftf^  «A 
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the  Yukon  mliB^  which  have  not  beak  toadied  upmi  in  tim  descfip- 
tion.  There  was  a  time,  too,  when  volcanic  dust  from  some  distant 
source  to  the  southward  was  deposited  in  a  thin  layer  over  large  areas 
of  the  Forty  mile  region,  where  it  occurs  just  beneath  the  surface  as 
a  deposit  similar  in  appearance  to  quicklime. 

FOSSILS. 

The  following  rqport  was  prepared  by  Doctor  Bjiowlton  on^^ftB 
material  collected  ftom  the  various  localities  visited  by  the  partf||^ 

P08HI  plants  obia%ned  by  L.  M.  PrMOe  from  voHout,  looaUUes  OuHu^^Wb 

9ea8&»  of  19^.  .7*.! 

[Bj  P.  H.  Kaowlton.]  j^  * 

aAF  224,  Ireaae  Gulcb,  GhictoDi  Gre^ :  Fragments  of  stems,  indetrarmloaMl^ 

3AP  224i.  McDow^l  claim,  OhldLen  Greek:  Equisetum  sp.  *^^ 

SAP  237.  Mouth  of  creek,  1  mUe*  west  of  Ghidcen:  filadc  carbomiceo^  |^*te 
with  minute  plant  fragments,  indeterminable.  *  jh 

SAP  251.  Ghieken  Greek :  Fragments  ot  dicotyledons,  possibly  Ootyliii.  ^^ttfr- 
Quarrii,  but  nneertain. 

SAP  330.  Wolf  Greek:  Tazodhun  dnbiinn?  Heer;  Populus  sp. 

3AP  336.  Branch  of  Wolf  Greek:  Populus,  cf.  P.  Richardsoni  He^;  diqatyie- 
dpnous  fragments. 

SAP  337.  Branch  of  Wolf  Greek:  Only  fragments  of  stems  and  bark. 

SAP  348.  Bryant  Greek:  Sequoia  Langsdorfli  (Brgt.)  Heer;  Taxodium  diib- 
lum?  Heer;  P<^ulus  arctica?  Heer;  Populus  Richardsoni?  Heer; 
Gorylus  MacQuarrii  (Forbes)  Heer;  Quercus  platania  Heer; 
Betula  prisca?  Ett. 

SAP  349.  Bryant  Creek:  Sequoia  Langsdorfli  (Brgt.)  Heer;  Corylus  Mac- 
Quarrii (Forbes)  Heer;  Populus  arctica  Ueer;  Populus  Richard- 
soni? Heer;  Juglans  nigella?  Heer. 

SAP  350.  Bryant   Creek:  Sequoia    Langsdorfli    (Brgt.)    Heer;  ESquisetum   sp. ; 
Populus  latior  Heer ;    Populus  Hookeri  Heer ;    Fagus  Deucaliohis 
linger;  Quercus  furcinervis   (Ross  M.)   Unger;  Juglans  sp.? 

3AP  355.  Mogul  Creek:  Sequoia  brevifolia?  Heer;  Corylus  MacQuarrii 
(Forbes)  Heer;  Populus  sp.? 

3AP  432.  Mission  Creek,  2  miles  above  Junction  with  E.vcelslor:  Corylus  Mac- 
Quarrii (Forbes)  Heer;  Betula  prisca  Ett.;  Fagus  Deucallonis 
Unger. 

Listing  the  species  from  all  the  localities,  we  have  the  following: 

Full  list  of  species  collected. 

Sequoia  Langsdorfli.  Corylus  MacQuarrii. 

Sequoia  brevifolia.  Quercus  furcinervis. 

Taxodium  dubium.  Quercus  platania. 

Populus  arctica.  Fagus  Deucalionis. 

Populus  latior.  Betula  prisca. 

Populus  Richardsoni.  Juglans  nigeHa. 
Populus  Hookeri. 

Taking  well  into  account  the  fact  that  not  all  of  the  above  species  are  deter- 
mine<l  with  absolute  certainty,  it  is  nevertheless  perfectly  clear  that  all  are  of 
the  same  age,  and  I  do  not  hesitate  to  say  that  this  is  Arctic  Miocene.^  Not 
a  trace  of  the  Cretaceous  element  appears. 


■  This  flora  whs  first  described  as  the  Arctic  Miocene.     Subsequent  investigations  have 
Bbown  that  it  ia  ot  Eocene  age,  but  the  old  name  \a  stUl  retained. — L.  M.  Prindlc. 
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GOIiD  PliACERS. 

FORTYMILE  REGION. 

FORTYMILE   AREA. 

Since  the  discovery  of  gold  on  Fortymile  Creek,  in  1886,  pros- 
pectors have  devoted  much  attention  to  its  basin.  The  most  im- 
portant creeks  at  present  are  Wade,  Walker  Fork,  Chicken,  and 
Franklin,  while  some  work  is  being  done  on  the  Fortymile  itself, 
Napoleon  Creek,  the  tributaries  of  Canyon  Creek,  and  on  North  Fork 
of  Fortymile.  Prospecting  is  in  progress  in  many  places  and  still 
results  occasionally  in  discoveries  of  economic  importance. 

Wade  Creek. — The  basin  of  Wade  Creek,  which  is  reached  by  trail 
from  the  mouth  of  Steele  Creek,  lies  about  10  miles  south  of  the 
Fortymile,  and  embraces  about  50  square  miles  (map,  PL  VII).  The 
creek,  which  is  about  12  miles  long,  heads  in  Steele  Dome,  3,750  feet 
high,  and  flows  in  a  nearly  straight  southwesterly  direction,  entering 
Walker  Fork  a  few  miles  above  its  mouth.  There  is  a  fall  of  about 
GOO  feet  from  the  upper  limit  of  placer  mining  to  the  mouth — a  dis- 
tance of  about  8  miles.  The  valley  is  sunk  to  a  depth  of  about  1,500 
feet  within  the  plateau,  and  is  narrow  and  V  -shaped  in  its  upper  por- 
tion-; lower  down  it  gradually  widens,  finally  merging  into  the  valley 
of  Walker  Fork,  where  the  stream  follows  a  meandering  course  over 
the  surface  of  a  broad  flat.  The  spurs  from  the  northwest  descend 
somewhat  more  gradually  toward  the  stream  than  those  from  the 
opposite  side,  and  the  cross  section  of  the  valley  is  thus  somewhat 
unsynmietrical.  The  general  characteristics  are  shown  in  PL  VI,  B. 
The  tributaries  are  short  and  flow  in  narrow  V-shaped  valleys.  In 
dry  seasons  the  demand  for  water  far  exceeds  the  supply,  and  much  of 
the  mining  is  brought  to  a  standstill. 

There  is  considerable  timber  on  the  northwest  slopes  of  the  valley, 
and  a  light  growth  of  spruce  on  the  southeast.  The  valley  floor  is 
generally  covered  with  willows,  but  in  the  wider  portion,  toward 
Walker  Fork,  is  well  timbered  with  spruce  and  aspen.  Dawson  is 
the  main  source  of  supply,  and  most  of  the  freighting  is  done  during 
the  winter. 

The  bed  rock  in  which  the  valley  of  Wade  Creek  has  been  in- 
cised includes  several  varieties  of  schist  and  some  ferruginous,  thin- 
bedded  limestone,  which  is  apparently  interbedded  w^ith  the  schist. 
Mica-schist  and  hornblende-schist  are  the  most  conunon  rocks.  Their 
attitude  is  variable,  but  the  general  strike  is  northeast,  about  parallel 
with  the  creek,  and  the  dip  of  the  schistosity  varies  from  nearly  hori- 
zontal to  SO'^  or  more  to  the  southeast,  while  a  prominent  system  of 
joints  strikes  N.  80^  W.  The  schists  are  often  contorted  and  the 
structure  is  probably  complex.     A  small  dike  of  basalt,  with  a  strike 
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of  N.  fiO°  E.,  was  observed  about  a  mile  aliovn  Robin^m  Cfwk. 
■  QtiarU  veiiiM  ai'e  i.'omiiion  in  the  schist  ami  seem  moix^  ubiiixlunt 
toward  the  bead  of  the  creek.  Both  bed  rock  and  quartz  veins  con- 
tain in  places  considerable  pyrit^. 

The  gravels  vary  from  1  foot  to  3  or  more  feet  iii  thickness  and  are 
composed  of  the  rocks  that  are  found  outcropping  in  the  valley  and 
along  its  slopes,  no  foreign  mtiterial  being  observed.  The  proportion 
of  vein  quartz  is  small.  The  fragments  are  more  or  less  angular,  owing 
to  the  schistose  und  jointed  structure  of  the  bed  rock,  are  little  worn, 
and  are  generally  less  than  a  foot  in  diameter.  They  are  found  across 
the  entire  width  of  the  valley  and  on  the  low  bench-like  terminatioQ 
of  the  spurs,  perhaps  10  to  20  feet  above  the  valley  floor.  The  gravels 
are  covered  with  a  layer  of  muck  up  to  20  feet  in  tliickness. 

It  is  said  that  gold  was  discovered  on  this  creek  by  Jack  Wade 
about  1895.  Kim  prosi)ects  were  found  in  the  fall  of  1898.  The  gold 
is  rarely  found  more  than  1^  feet  above  the  bed  rock  in  the  gravela 
Most  of  it  is  on  bed  rock  and  extends  into  it  in  crevices  and  along 
joint  planes  to  a  depth,  in  places,  of  4  feet.  It  occurs  rather  irregu- 
larly, and  the  creek  has  the  reputation  of  being  spotted.  Good  pay 
was  first  struck  on  the  rim  at  the  terminations  of  the  spurs  on  either 
side,  and  these  became  the  favorite  localities  for  work.  The  pay  there 
is  more  accessible  and  found  frequently  in  greater  quantities  than  on 
the  valley  floor. 

As  much  of  the  gold  occurs  as  nuggets,  which  are  irregularly  dis- 
tributed, it  is  difficult  to  form  an  idea  of  the  average  value  of  the 
ground.  It  is  said  to  average  about  $100  to  the  box  length  of  12  b; 
12  feet,  but  some  ground  has  yielded,  by  the  winter's  work,  from  50 
cents  to  $3  per  cubic  yard,  including  everything  from  surface  to  bed 
rock. 

Much  of  the  gold  is  picked  up  during  the  work,  and  many  nuggets 
have  been  found.  One  w^  found  during  the  winter  of  1900  worth 
$216;  and  in  January,  1903,  one  was  picked  up  which  measured 
^i  by  If  '^y  ^i  inches  and  was  worth  $558.  A  week  later  another 
was  found  worth  $437.86  in  gold,  valued  at  $17  to  the  ounce.  The 
nuggets  are  well  smoothed,  of  a  bright  yellow  color,  contain  very 
little  quartz,  and  are  often  convex  on  one  side  and  more  or  less  flat 
and  irregular  on  the  other.  Some  of  the  prospectors  had  observed 
that  the  nuggets  found  by  them  were  generally  rougher  on  the 
side  lying  next  to  bed  rock.  The  larger  nuggets  have  been  found 
in  the  part  of  the  valley  which  is  about  midway  between  the  source 
and  the  mouth.  .  The  gold  occurs  generally  as  small  flat  pieces,  and  a 
large  portion  of  that  from  the  head  of  the  creek  is  rusty.  The 
little  gold  found  in  prospecting  the  side  gulches  differs  in  character 
from  that  in  the  main  creek  in  that  it  is  very  rough  and  somewhat 
rusty.     Very  little  fine  gold  is  found,  and  the  proportion  of  black 
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sand  is  small.  Barite  is  abundant,  and  its  rounded  pebbles  are  a 
characteristic  associate  of  the  gold.  Black,  shiny,  rounded  grains 
of  hematite  are  also  found. 

The  fact  the-t  no  foreign  wash  was  observed  makes  it  probable  that 
the  gold  has  been  derived  directly  from  the  drainage  area  of  the  creek 
itself.  Many  quartz  seams  and  stringers  occur  in  the  schists,  some  of 
them  of  considerable  thickness,  but  the  quartz  is  not  sufficient  in 
quantity  to  make  the  proportion  in  the  gravels  a  very  large  one. 
Pieces  of  gold  with  quartz  attached  are  common.  Both  the  schists 
and  the  quartz  contain  pyrite.  One  quartz  vein  occurring  in  the 
upper  portion  of  the  creek  was  found  by  assay  for  the  Survey  by 
E.  E.  Burlingame  &  Co.,  Denver,  Colo.,  to  carry  0.06  of  an  ounce  of 
gold  to  the  ton.  It  would  seem  from  the  information  available  that 
the  gold  has  probably  been  derived  from  quartz  veins  and  stringers 
in  the  schists  and  possibly  also  from  mineralized  areas  in  the  schists 
themselves. 

The  mining  developments  are  scattered  along  about  5  miles  of  the 
creek,  conmiencing  at  a  point  about  4  miles  above  the  mouth  and 
extending  toward  the  source.  Claims  are  generally  one-fourth  of  a 
mile  lengthwise  of  the  creek.  There  are  two  Discovery  claims,  and 
claims  have  been  staked  from  each  in  both  directions.  The  gold  is 
mined  by  drifting,  by  hydraulic  methods,  and  by  open  cuts. 

Where  the  ground  is  deep  and  frozen  some  method  of  thawing  is 
necessary.  The  most  primitive  way  is  by  the  wood  fire.  Hot  water 
and  hot  rocks  are  sometimes  used,  either  alone  or  in  combination,  but 
the  most  effective  method  is  that  of  the  steam  thawer.  The  appa- 
ratus consists  generally  of  a  small  boiler  for  the  generation  of  steam, 
pipes  for  its  transmission,  and  points.  The  latter  are  pipes,  4  feet 
or  more  in  length,  for  driving  into  the  frozen  ground.  They  are 
connected  near  the  one  end  with  the  steam  pipe  and  provided  at  the 
poiiited  end  with  one  or  more  small  apertures,  through  which  the 
steam  rushes  with  greatly  increased  penetrative  force,  like  water 
from  the  nozzle  of  an  ordinary  hose.  They  are  placed  against  the 
frozen  ground  and  driven  in  as  fast  as  the  ground  becomes  thawed. 
The  quantity  of  steam  can  lx»  easily  regulated,  and  successful  results 
on  sinking  and  drifting  depend  largely  on  experience  and  good  judg- 
ment in  the  use  of  the  steam.  Too  much  steam  is  liable  to  thaw  the 
walls  or  roof  of  a  drift  to  an  undesirable  extent  and  cause  "  slough- 
ing," or  falling  in  of  the  walls,  with  the  consequent  necessity  of 
handling  much  more  dirt  than  is  necessary. 

The  drifting  method  is  employed  on  Wade  Creek  mostly  during 
the  winter,  the  dump  being  washed  out  in  the  spring.  On  several 
of  the  claims  the  hydraulic  method  was  in  use  in  a  small  way.  PI. 
VIII,  -4,  shows  a  claim  being  stripped  of  muck  by  this  method. 
Ditches  have  been  built  up  to  about  a  mile  iu  Iwv^Vi^  ^\i^  ^Ww.  xisfc^ 
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in  ccmnection  with  cutras  hose  give  aufBdent  he^d  to  atrip  the  mock, 
from  the  mattux  of  the  ge&v^y  eo  tiurt  it  can  be  reached  and  afa«n' 
eled  direcUy  into  tlie  aloice  boxes.  The  open-cut  otetltod  is  beiag 
introdneed.    For  (his'  t^  grade  of  the  creek  Qeceeedtatee  a  bed-rodk  . 

drain  700  feet  or  inorf  in  li_-ngtli.  Tin-  iiHick.  pL-rliap^  7  feet  tluebtls 
stripped  by  ^ound  sluicing  ami  the  ffravel  shoveled  in. 

As  iniicii  of  tlie  iwst  gnnintl  has  been  worked  mit.  de.TdopmenMl' 
t)cing  i-arried  laterally  t»i  the  beiichpa,  which  may  fnrni^  conflMv* 
able  gold.  The  difficulty,  however,  is  to  get  suflicieiit  water,  tbe-iWt- 
son  of  1903  being  a  particularly  bad  one  in  this  respect.  Tlie  ootpot' 
for  the  year  1902-3  was  generally  supposed  to  be  about  $60jOOO,;Nt4 
the  i^xpcusc  of  working  pmbnbly  nl)H(irl)ed  from  +0  U>  50  per  aeot  pt 
tliis  aiiiDuut.  Abmit  iiO  men  were  at  work  on  the  ereek,  and.wagBB 
vere  $6  and  boaid.  -    . ,  - 

Walkor  Fork  emd  neighhormg  locaHaea.—Tiui  area  of  eoaoQmiic 
interest  on  Walker  Fork  ia  in  the  far  southeast  comer  of  the  F-90gFt 
mile  quadrangle  (PL  Vlt)  and  extends  from  the  boundary  neatiy  to 
Cherry  Creek,  a  distance  of  about  4  niiles.  It  is  reached  fn^n  W«de 
Creek  by  a  good  trail  of  about  14  miles  along  the  ridge,  and  also  froqi. 
points  (m  the  Cauadiui  side,  whence  the  supjdies  are  g^eneralj^ 
obtained. 

The  headwat«is  of  Walker  Fot^  are  small  sixeams  having  tfuar 
sources  in  the  divide  about  a  mile  within  Canadian  territory. 
Poker  and  Davis  creeks,  wliich  are  the  most  important  of  the.se 
small  streams,  have  narrow  V-shaped  valleys.  Poker  Creek  flows 
directly  west,  about  1  mile  of  its  diort  valley  being  on  the  Ameri- 
can side.  Davis  Creek  flows  southwest  in  a  similar  valley  and  joins 
Walker  Fork  about  one- fourth  of  a  miie  below  Poker;  it  heads 
just  beyond  the  boundary,  about  1^  miles  of  its  valley  being  on  the 
American  side.     Both  were  described  by  Goodrich  in  Spurr's  report." 

The  course  of  Walker  Fork  below  Davis  is  westerly,  with  a  fall  of 
about  100  feet  to  the  miie.  The  valley  is  bounded  on  the  north  by  a 
dome  3,380  feet  high  and  to  the  south  by  a  spur  which  descends 
gradually  from  an  altitude  of  over  4,000  feet  and  terminates  just 
south  of  the  creek  in  a  benched  surface  400  feet  high.  The  valley  is 
about  2,000  feet  above  sea  level  and  is  unsymmetrical  in  cross  sec- 
tion. Across  the  valley  to  the  north  the  rise  to  the  plateau  level  of 
about  3,000  feet  is  gradual  and  there  is  a  bench  corresponding  to  the 
one  on  the  south.  The  slopes  are  covered  with  a  light  growth  of 
small  spruce,  and  the  valley  floor  in  places  has  produced  timber  of 
sufficient  size  for  mining  purposes. 

The  bed  rock,  similar  to  that  of  Wade  Creek,  includes  quartzite- 
schists,    graphitic    schists,    and    garnet- hornblende -schists.     Strikes 
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were  observed  varying  from  50°  to  80°  to  the  northeast,  and  the  rocks 
have  been  closely  folded.    Quartz  seams  are  common. 

The  material  on  l)ed  rock  varies  from  4  to  12  feet  in  thickness  and 
includes  muck,  sand,  gravel,  and  sometimes  clay.  In  places  there 
is  no  muck  on  the  gravels,  and  rarely  no  gravels  are  found  under  the 
muck.  The  average  thickness  of  the  gravels  is  about  0  feet,  gener- 
ally exceeds  4  feet,  and  the  maximum  is  10  fe^t.  A  small  amount 
of  clay  is  sometime^s  found  between  the  gravels  and  bed  rock.  Occa- 
sionally rounded  quartz  bowlders  a  foot  or  more  in  diameter  are  - 
found,  but  the  greatest  proportion  is  composed  of  angular  schist 
fragments  of  small  size. 

The  thickness  of  the  gravels  increases  gradually  downstream,  and 
from  year  to  year  it  has'  been  found  profitable  to  work  those  of 
greater  depth.  Unlike  Wade  Creek,  the  gold  is  found  not  only  on 
the  bed  rock,  but  in  the  gravels  above  bed  rock  through  a  distance 
oftentimes  of  2  fe^t  or  more.  In  the  bed  rock  it  is  found  to  a  depth  of 
li  feet.  The  pay  streak  has  been  worked  in  places  over  a  width  of 
50  feet,  but  on  the  outer  limits  it  contains  small  values.  Ground 
has  been  worked,  ranging  in  values  to  over  $2  per  cubic  yard,  and  is 
said  to  run  from  $50  to  $100  to  the  box  length.  The  gold  is  found 
in  pieces  worth  as  high  as  $20,  but  the  general  run  consists  of  small, 
flat  pieces.  Toward  the  head  of  the  creek  it  is  frequently  black. 
Its  origin  is  supposed  to  be  in  the  small  quartz  stringers  in  the 
schist,  which  have  sometimes  been  found  to  carry  gold. 

As  the  drainage  area  is  small  a  dry  season  quickly  affects  the  water 
supply,  thus  making  the  output  of.  the  creek,  especially  that  of  the 
upper  portion,  largely  dependent  on  climatic  conditions.  The  richest 
gravels  on  these  creeks  have  apparently  been  worked  out,  but  there 
is  some  ground  left  which  could  probably  be  made  to  pay  if  water 
were  available.  On  AValker  Fork  several  outfits  have  been  doing 
fairly  well  during  the  past  few  years  on  ground  that  was  not  worked 
in  the  early  days,  and  the  present  annual  production  is  probably 
about  $20,000  to  $25,000. 

Most  mining  has  been  carried  on  by  the  open-cut  method.  For 
this  it  has  been  found  necessary,  on  account  of  the  low  grade  of  the 
stream,  to  construct  bed-rock  drains  400  to  1,000  feet  in  length.  A 
horse  scraper  was  in  use  on  one  claim  to  clear  away  the  tailings,  and 
on  another  a  steam  engine  was  in  operation,  running  a  scraper  and 
a  bucket  conveyor  to  elevate  the  dirt  to  the  sluice  l>oxes,  handling 
effectively  400  to  500  scrapers  of  dirt  a  day  (PI.  VIII,  B). 

In  July,  1903,  about  40  men  were  working  on  Walker  Fork  and  its 
tributaries,  and  wages  were  $4  a  day  with  board. 

The  country  south  from  Walker  Fork  on  the  headwaters  of  Cherry 
Creek  is  being  prospected.  The  bed  rock  and  gravels  of  this  area 
are  similar  in  character  to  those  found  oiv  W^Ak&x  ¥qx>2l.    k!^  ^^ 
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jniictinn  ()f  Oivl  and  Crow  rrccks  n  little  work  Imd  Ixfu  doiio  nriii  same  j 
pay  found,  but  the  ili>V('lo|)inpnt-s  are  not  sufficient  to  give  any  indica- 
tion lis  to  th^  valiteu  of  tlie  ground. 

Triliiitni'ieM  of  i'anyim  Creeh.—Somc  mining  is  being  done  north  of 
Walker  Fork  over  the  divide  on  tributaries  of  Canyon  Creek.  Sqnaw 
fiufch  is  the  most  important  tributary,  and  is  easily  reached  by  fol- 
lowing the  spur  Iwlween  Baby  and  Woods  creeks.  It  heads  in  the  1 
divide  opposite  Wade  Creek,  and  its  tributuries  have  their  source 
within  a  mile  of  those  of  the  latter.  In  the  lower  4  miles  of  its 
course  it  flows  in  a  northeasterly  direction  and  joins  Canyon  Creek 
about  ti  miles  above  its  mouth.  It  is  a  small  stream  with  a  fall  of 
perhaps  150  feet  to  the  mile.  It,s  valley  is  narrow  and  V-shaped,  and 
is  sunk  1.600  feet  below  the  level  of  tlie  spurs  on  either  side.  The 
Ited  n>ek  is  marble,  schist,  and  quurtzitc,  whicii  .4rike  N.  45'^  W.  and 
ilip  ;10°  to  the  iiortlieast.  and  are  cut  occasicmally  by  small  granitic 
■  dikes. 

The  gravels  are  of  the  same  types  as  the  bed  rock,  and  the  propor- 
tion of  Ijowlders  is  large,  especially  toward  the  mouth  of  the  creek.  ' 
The  depth  of  gravel  varies  from  3  to  10  feet,  the  average  being  about 
S  feet.     Gold  is  found  in  about  IJ  feet  of  gravel  over  widths  up  to  00  1 
feet.     It  occurs  as  small  flat  pitHvs.  often  containing  a  considerable  , 
admixture  of  thin,  flak^*  gold:  but  coai-sc  pieces  are  common  and 
specimens  work  $43  have  been  found.     The  best  values  thus  far  have 
averaged  about  $2  to  the  cubic  yard,  and  the  creek  has  produced  9 
few  thousand  dollars.    Considerable  ditching  has  been  done  and 
dams  have  been  built,  but  only  a  few  men  were  on  the  creek  in  July. 
The  flow,  like  that  of  other  streams  having  small  drainage  areas,  is 
closely  dependent  on  climatic  conditions  and  is  immediately  affected 
by  drought 

Franklin  Creek. — This  creek  and  the  conditions  obtaining  in  1897 
were  described  by  Goodrich  in  Spurr's  report,"  already  referred  to. 
Its  mouth  is  at  the  end  of  the  ridge  trail  from  Steele  Creek  to  South 
Fork  of  Fortymile,  and  is  also  on  the  Eagle-Valdes  mail  route.  A 
smiall  collection  of  cabins,  picturesquely  located  on  the  small  flat  at 
the  mouth,  is  known  as  Franklin  and  includes  a  post-office  and  road 
house. 

Gold  was  discovered  on  this  creek  in  1886,  and  the  early  days  arc 
said  to  have  been  full  of  interest.  One  man's  grub  list  in  1890  for 
two  months  consisted  of  1  sack  of  flour  and  5  pounds  each  of  beans, 
rice,  dried  apples,  and  tea ;  the  daily  pancake  was  cut  in  throe  pieces, 
one  for  each  meal.  The  gold  was  easy  to  mine  and  more  easily  spent 
on  the  little  flat  at  the  mouth  of  the  creek,  which  was  then  crowded 
with  miners,  and  passed  quickly  through  many  hands. 

:  RisbteenUi  Ann.  Bept.  U.  S.  Qeol. 
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The  creek,  which  is  a  short  one,  al)oiit  8  miles  in  length,  flows  in 
an  easterly  direction  and  joins  South  Fork  about  10  miles  south 
of  the  junction.  The  valley  of  the  upper  portion  is  comparatively 
oi)en,  that  of  the  lower  portion  is  narrow  and  V-sha[3ed,  with  precipi- 
tous slopes;  the  stream  Ixjttom  has  a  width  of  only  about  50  feet. 
The  bed  rock  includes  micaceous,  garnetiferous,  and  hornblendic 
schists,  and  crystalline  limestone,  which  strike  nearly  east  and  west 
and  have  a  southerly  dip;  they  show  much  crumpling  locally,  and 
have  been  closely  folded.  The  schists  were  found  to  be  cut  in  places 
by  acidic  granitic  dikes. 

The  gravels  are  composed  of  more  or  less  angular  fragments  of 
schist,  crystalline  limestone,  granite,  dark  heavy  rounded  pieces  of 
basalt,  and  heavy  brown  and  green  masses  composed  of  garnet,  epi- 
dote,  and  quartz  often  with  considerable  pyrite.  The  depth  to  l)ed 
rock  varies  from  2  to  30  feet,  with  an  average  of  8  to  10  feet.  Pay  is 
found  mostly  near  bed  rock  and  across  the  entire  width  of  the  creek 
bottom,  and  there  is  said  to  have  been  considerable  ground  which  con- 
tained as  high  as  $5  to  the  cubic  yard.  The  ground  worked  recently 
has  varied  from  about  $30  to  $150  to  the  square  box  length  of  12  by  12 
feet,  which  means  a  maximum  value  of  about  $3  per  cubic  yard. 
There  has  been  much  variation  in  the  size  of  the  gold.  Two  of  the 
largest  nuggets  found  in  the  creek  were  worth  $239  and  $500.  The 
general  run  of  gold  at  present  rarely  includes  nuggets  worth  above  Jl^30. 

The  depth  to  bed  rock  on  the  bar  at  the  mouth  of  the  PVanklin  is 
about  3  feet;  the  gold  there  is  found  mostly  on  bed  rock  and  to  a 
depth  of  2  feet  within  it.  The  average  value  is  about  $1  to  the  square 
foot  of  bed  rock.  There  is  no  evidence  that  the  gold  on  Franklin 
Creek  has  had  other  than  a  local  origin.  Pieces  are  often  found  with 
quartz  attached,  and  an  assay  for  the  Survey,  by  E.  E.  Burlingame  & 
Co.,  of  a  quartz  fragment  containing  considerable  pyrite  yielded  0.10 
of  an  ounce  of  gold  and  0.16  of  an  ounce  of  silver  to  the  ton.  The 
average  annual  production  at  present  is  about  $8,000. 

Some  winter  drifting  has  been  done  on  Franklin  Creek,  and  in 
1903-4  the  bar  at  the  mouth  was  worked  with  a  steam-thawing  appa- 
ratus, but  most  of  the  ground  is  better  adapted  for  summer  work, 
There  are  generally  about  twenty  daj^s  of  good  water  for  sluicing 
and  sixty  days  for  shoveling  in;  this  may  continue  to  about  Sep- 
tember 20.  The  creek  affords  another  illustration  of  the  depend- 
ence of  a  small  drainage  area  on  abundant  rain  for  satisfactory 
results.  On  July  4,  1903,  there  was  only  a  small  stream  of  water 
trickling  through  the  gravel  and  standing  here  and  there  in  discon- 
nected pools;  little  work  had  lx»en  done  since  the  middle  of  June. 
In  one  summer  operations  were  entirely  suspended  from  July  4  to 
August  15,  while  in  1902  conditions  were  favorable  for  work  through- 
out the  entire  season. 


Chicken  Creek. — ^As  one  dimbs  tlie  ridge  so^  of  ^E^ranklm  »  view 
is  obtained  £ur  to  the  soutii  with  the  peak  of  Fairplay  m  the  back- 
ground and  the  Kechumstuk  Hills  off  to  the  west  .(See  map^  PL 
VII.)  In  the  fcneground  is  the  op^ti  valley  of  Qiieken  Qreafc, 
linuted  on  the  north  by  a  nigged  mass  3^00  feet  in  height,  whidi  ooeii- 
pies  the  right  angle  where  South  jB'orfc  bends  to  the  west,  and  <m  the 
west  by  a  Inroad  flat  qiur  between  CSiic&en  Cre^  and  Mosquito  F<^k, 
which  rises  gradually  to  a  levd  of  about  2,000  feet,  forming  a.striking 
feature  in  the  landscaper  In  the  middle  distance  Mosquito  Fork 
tsroBses  the  region  m  an  easterly  direction  and  Denison  Fork  is  seen 
coming  in  from  the  south.  The  valleys  of  all  three  streams  are 
benched.  The  drainage  area  of  CSiick^i  Creek,  includes  about  £0 
square  miles  of  a  fan-shaped  area,  whidbi  is  only  about  6  mite'in 
-length  in  a  north-and-south  direction.  The  tributaries  converge  ibpm 
.their  sources  in  the  divide  between  it  and  Franklin,  thus  giving  an 
amphitiieatral  form  to  the  upper  valley.  Below  the  last  tributary  the 
creek  has  a  len^gth  of  only  about  1|  miles^  It  is  a  small  one,  iSows  in  a 
southerly  directicm,  and  in  the  lower  portion  of  its  courisfe  has  a  Jbll  of 
less  than  80  feet  to  the  mile.  Of  tiie  tributaries,  which  flow  in  narrow 
valleys,  the  Stonehouse  and  Myers  Fork  are  the  most  important  The 
valley  of  the  main  st««n  has  a  flat  on  the  west  which  rises  gradudly 
until,  at  a  distance  of  several  hundred  feet  from  the  stream,  it  meets 
the  foot  of  the  broad,  low  spur  west  of  Chicken  Creek.  This  flat,  as 
seen  from  the  ridge  between  Chicken  and  Franklin  creeks  in  July, 
1900,  was  flecked  with  tents  and  cabins  and  presented  an  appearance 
of  much  activity.  Toward  the  south  it  merges  into  the  broad,  grass- 
covered  meadows  of  Mosquito  Fork,  where  moose  are  said  to  have  been 
abundant  in  the  early  days.  The  ridge  to  the  east  of  the  Chicken 
shows  a  rather  well-defined  benching  in  the  vicinity  of  Mosquito  Fork. 
About  a  mile  east  of  the  Chicken  and  275  feet  above  it  there  heads  a 
small  stream  known  as  the  Lost  Chicken,  which  flows  southeasterly  to 
Mosquito  Fork. 

The  distance  from  Franklin  to  Chicken  Creek  is  about  6  miles. 
There  is  a  trail  which  ascends  the  divide  from  a  point  on  South  Fork 
just  below  the  mouth  of  Franklin  Creek,  and  another  by  way  of 
Franklin  and  Tin  Kettle  creeks. 

Supplies  are  brought  by  freight  boats  up  Fortymile  Cre^k,  South 
Fork,  and  Mosquito  Fork  to  the  mouth  of  Chicken  Creek.  There  is, 
however,  but  little  freighting  done  in  summer. 

There  is  an  interesting  variety  of  rocks  in  the  valley  of  Chicken 
Creek.  The  igneous  rocks  may  be  roughly  divided  into  members  of 
the  granite-diorite  families,  dark  hornblende  rocks  (partly  of  tuffa- 
ceous  origin,  cut  by  dikes  of  the  former  group),  and  fresh  olivine- 
basalt*    The  other  rocks  include  dark  shales,  much  jointed  and  broken 
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and  containing  quartz  and  calcite  seams,  and  a  foi*mation  consisting 
of  sandstone,  sandy  shales,  and  coal  beds. 

The  ridge  between  Franklin  and  Chicken  Creeks  is  composed  of 
granular  and  porphyritic  representatives  of  types  ranging  from 
hornblende-granite  to  quartz-diorite,  those  related  to  the  latter  type 
l)eing  the  more  common.  These  nK^ks  also  form  the  canyon  wall  of 
Mosquito  Fork  about  2  miles  west  of  the  Chicken,  and  occur  again 
on  the  ridge  between  Chicken  and  Lost  Chicken  creeks.  The  green- 
stone and  related  rocks,  largely  of  tuffaceous  origin,  form  the  high 
ridge  east  of  the  Chicken  and  are  cut  by  dikes  of  the  preceding  types. 
Oli vine-basalt  occurs  on  Myers  Fork,  on  the  lower  portion  of  Stone- 
house  Creek,  and  on  the  east  side  of  the  Chicken  about  a  mile  below 
the  Stonehouse.  It  apparently  extends  over  the  entire  area  west- 
ward from  this  latter  point  to  the  dioritic  rocks  on  Mosquito  Fork. 
Dark  jointed  shales  with  quartz  and  calcite  seams  overlie  the  por- 
phyry east  of  Stonehouse  Creek  and  are  of  interest  because  gold  has 
been  found  in  them.  Sandstone,  sandy  shale,  and  coal  beds  occur  at 
several  localities  on  Chicken  Creek,  and  coal  is  sometimes  the  bed 
rock  on  which  the  gold  is  found.  The  sandstone,  the  ferruginous 
nodules  which  it  contains,  and  the  sandy  shales  all  contain  badly  pre- 
served plant  remains,  and  the  formation  is  correlated  provisionally 
with  similar  occurrences  near  Eagle  which  belong  to  the  Kenai 
formation. 

The  stream  gravels,  so  far  as  known,  lie  on  a  bed  rock  of  basalt, 
sandstone,  or  coal.  They  include  representatives  of  the  different 
kinds  of  bed  rock  occurring  in  the  neighboring  hills.  There  is  a  large 
proportion  of  greenstone  and  much  olivine  basalt;  granular  and  por- 
phyritic varieties  of  the  granodiorite  type  are  abundant,  and  there 
is  some  (juartz,  slate,  sandstone,  coal,  and  ferruginous  nodules  often 
containing  fragments  of  dicotyledonous  leaves.  Pieces  of  marble  and 
schist  indicate  the  occurrence  of  a  formation  like  that  of  Franklin 
Creek  somewhere  within  the  valley.  The  depth  to  l)ed  rock  in  the 
main  valley  varies  generally  from  6  to  45  feet.  A  layer  of  muck  22 
feet  thick  covers  the  gravels,  often  forming  more  than  half  the  entire 
•deposit  on  bed  rock.  The  gravels  vary  from  6  to  20  feet  in  thick- 
ness and  are  found  mostly  on  the  west  side  of  the  stream  to  a  distance 
of  nearly  1,000  feet  from  it.  They  vary  in  size  up  to  a  foot  or  more 
in  diameter,  and  in  the  lower  portion  contain  considerable  clay,  which 
often  acts  as  a  gold  robber  by  balling  up  in  the  sluice  boxes. 

The  pay  is  found  mostly  on  bed  rock,  but  sometimes  extends  into  it 
and  often  above  it,  where  it  is  found  through  5  feet  or  more  of  the 
gravel.  Most  of  the  work  has  been  done  on  the  west  side  at  a  consider- 
able distance  from  the  creek.  Pay  has  been  found  to  nearly  the  ex- 
treme western  limit  of  the  gravel  and  over  a  width  of  80  feet.    The 


valms  vary  from  $60  to  9IT6  to'tba  brat  length,  moA  a  otmaidwable 
portion  of  the  ground  probaUy  aTeragw  about  $1  to  the  sqnara  foot 
llie  gold  is  differrait  from  that  of  the  other  cre^a.  It  is  nsQally 
racier  fine,  mndt  of  it  ia  granolas,  and  the  color  is  generall;  dark. 
Some  of  the  gtdd  is  rather  roug^  and  is  frequently  found  with  quartz 
attached.    No  large  nuggets  have  been  found. 

Hie  bench  between  Chidcen  and  Lost  Chicten  credm  is  aboat  37S 
feet  above  the-nll^.  Ground  was  located  at  the  head  of  the  Loet 
CSudBBD  m  1901.  Sereralhoke  were  sunk  along  the  creek  and  OB' the' 
bendif  and  in  the  laM  ••w  pay  whs  finnul  nt  u  ilepth  nf  S'A  feeU  One 
.  Ik^  Bunk  in' the  wehi  siilc  of  the  IkmicIi  nvar  tbt>  top  in  itit«ri^ting  in 
.  that  sandstone  with  I'lant-lwaring  shales  >vas  found  at  a  depth  of  DO 
leet,  overlain  by  loowly  it'iiipntwi  gravels  surmounted  by  l-l  feet  of 
mack.  In't^  fidlof  1!K)2  some  drifting  wns  dom>  on  a  [mrtion  of  tlu> 
groand,  whidi  avenigftl  nlxtut  $1  lo  tlio  Kquiirv  foot.  Xear  at  hand 
two  ahliftS'Were  sunk  to  bvd  rocic,  one  S3  feet  and  the  other  45  feet  in 
depthi'  and  ft  dtmip  obtain*^,  which  was  estimated  to  mntain  from 
$85^000  to940y000.  This  is  shown  in  the  accompanying  photograph, 
tatol  after  $20,000  liml  »lrc:u]y  been  wa^^hed  from'  it  (1*1.  IX.  B). 
The  bed  roek  is  of  thi'  ^ame  dioiilic  tjjje  as  that  already-  referred  to 
on  Mosquito  Foik.  The  46-foot  hole  was  sunk  to  bed  nxk  throng 
28  feet  of  muck  and  22  feet  of  gravel  and  the  upper  portion  of  the 
decomposed  bed  rock  was  taken  out  along  with  the  gravels,  Hiese 
are  the  same  in  Irind  as  the  recent  stream  gravels,  but  are  somewhat 
finer  and  show  more  wear.  The  discovery  of  gold  on  this  bench  has 
led  to  much  activity  in  prospecting  the  benclies  throughout  the  J^gion, 
and  considerable  work  was  under  way  west  of  Chicken  Creek  on  the 
high  bfenches  of  Mosquito  Fork. 

Chicken  Creek  has  a  further  interest  in  that  two  localities  have 
been  found  bearing  on  the  origin  of  the  gold.  One  of  these  is  about 
2i  miles  west  of  Chicken  Creek  on  Mosquito  Fork.  At  this  point 
on  the  north  of  Mosquito  Fork  there  is  a  steep  canyon  wall  composed 
of  a  medium-grained  greenish  rock  having  about  the  composition  of 
a  quartz- diorite.  On  the  side  of  this  canyon  wall,  about  200  feet 
above  the  stream,  occurs  a  mineralized  zone,  which  has  a  thickness  of 
about  6  feet  and  a  strike  of  about  N.  25°  W.,  in  which  weathering 
has  produced  brilliant  red  and  yellow  colors.  The  rock  within  this 
zone  is  mostly  decomposed  to  a  kaolin-like  mass,  containing  abun- 
dant fragments  of  quartz  seams.  This  material  pans  fine  flour  gold. 
As.says  of  two  specimens  for  the  Survey  by  E,  E,  Burlingame  &  C/O., 
Denver,  gave  for  the  one.  in  ounces  per  ton,  gold  O-IS  and  silver  O.IO; 
for  the  other,  gold  O.Stl,  silver  0,10;  or  an  average  of  the  two  of  about 
$9,70  in  gold  \Kr  ton.  No  drifting  has  l)een  done  and  the  s|)epimens 
were  taken  directly  from  the  surface.  The  extent  of  the  deposit  was 
still  unknown,  and  as  such  values  would  not  pay  for  working  imdcr 
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present  conditions  ^he  occurrence  is  of  interest  chiefly  in  pointing  to 
one  possible  source  of  the  placer  gold  occurring  on  Chicken  Creek. 
This  rock  is  the  bed  rock  on  the  bench  between  the  Chicken  and  the 
Lost  Chicken.  A  porphyry  of  about  the  same  composition  but  very 
different  in  appearance  outcrops  abundantly  on  the  south  side  of  the 
divide  between  Chicken  and  Franklin  creeks. 

On  the  broad  spur  east  of  Stonehouse  Creek,  about  1  mile  north  of 
the  junction  of  the  Stonehouse  and  the  Chicken  and  about  500  feet 
vertically  above  it,  gold  has  been  found  in  place  in  dark  shales  lying 
on  the  nearly  flat  surface  of  the  fine-grained,  dark-colored  porphyry 
to  which  reference  has  just  been  made.  At  this  locality  a  10-foot 
hole  has  been  sunk  and  a  crosscut  of  less  depth  run  to  a  distance  of 
85  feet  on  the  west  side.  In  the  bottom  of  the  hole  there  is  exposed 
about  2  feet  of  the  porphyritic  rock,  containing  abundant  corroded 
quartz  phenocrysts  up  to  3  mm.  in  diameter,  and  some  larger  ones  of 
plagioclase  feldspar  in  a  fine-grained,  dark-gray  groundmass  contain- 
ing some  pyrite.  This  hard,  tough  rock  is  considerably  jointed  and 
much  discolored  by  iron  rust  along  the  joint  planes.  On  top  of  it  is  a 
10-inch  layer  of  soft  black  material  of  the  consistency  of  clay,  suc- 
ceeded by  5  to  6  feet  of  blackish  shales,  much  jointed  and  having  a 
general  dip  of  25°  to  the  southwest,  thus  conforming  with  the  surface 
of  the  porphyry  and  that  of  the  black  layer.  These  shales  contain 
many  calcite  and  some  quartz  seams,  but  these  are  rarely  more  than  2 
inches  in  thickness  and  do  not  extend  into  the  black  layer  below^  them. 
The  quartz  seams  were  found  to  contain  considerable  pyrite,  and  the 
thinner  calcite  seams  contain  interesting  specimens  of  gold,  which 
occurs  in  thin  plates  along  planes  in  the  calcite.  The  shales  are  cov- 
ered with  2  to  3  feet  of  soil. 

Twelve  hundred  feet  southwest  of  this  locality  a  similar  porphy- 
ritic rock  occui's,  but  here  the  rock  is  more  coarsely  crystalline  and 
more  like  a  dark-colored  granite  iu  apjx^arance.  It  was  covei'ed  with 
a  thin  deposit  of  gravel  res(»nil)liiig  the  l)eiich  gravels  found  at  other 
localities  within  the  valley  of  Chicken  Crwk.  The  igneous  rock 
probably  forms  the  main  mass  of  this  broad  spur  and  is  overlain 
locally  by  the  shales.  The  distribution  of  the  shales  and  other  pos- 
sible occurrences  of  gold  with  them  have  not  l)een  determined.  Shales 
somewhat  similar  in  character  are  cut  by  the  ditch  on  the  east  just 
above  Stonehouse*  Creek,  where  they  are  covered  by  alwut  5  feet  of 
muck. 

The  locality  above  described  has  produced  many  beautiful  speci- 
mens of  gold  associated  with  calcite,  and  is  of  present  interest  chiefly 
in  pointing  out  another  possible  source  of  the  placer  gold.  No  work 
has  been  done  to  show  whether  the  shales  have  In^en  uniformlv 
mineralized  over  considerable  areas.     If  such  were  the  case  and  con- 
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^B  ditions  were  favorable,  they  could  be  stripped  fi-om  the  nntlGrlyiiit; 

^P  rock.     The  water  supply  in  this  area  is  ii  very  limited  one. 

On  the  main  creek  methods  are  iu  use  adapted  to  the  depth  and 
character  of  the  ground,  most  of  the  work  being  done  by  the  sttam 
thawar.  Shafts  are  sunk  to  bed  rock  and  drifting  continued  hori- 
zontally to  the  limits  of  the  pay  streak,  while  the  dirt  is  hoisted 
to  the  surface  in  buckets,  sometimes  by  hand  windlass,  but  generally 
by  hoi-sepower  or  steam  hoist.     A  tripod  is  erected  over  the  shaft 

tand  the  rope  or  cable  from  the  bucket  passed  over  a  pulley  at  the 
top  of  the  tripod  and  thence  by  other  pulleys  to  the  source  of  power 
{PI.  IX,  A).  Hor-wpower  is  cheaper,  and  with  it  about  60  cubic 
yards  can  be  hoisted  a  day  from  a.  depth  of  20  to  30  fe«t.  One  outfit, 
by  the  use  of  a  12-hor5epower  boiler  steam  thawing  apparatus  and 
hoist,  raised  about  80  cubic  yards  in  u  day  of  ten  hours  from  two 

(shafts  45  and  53  feet  m  depth. 
It  has  been  found  cheaper  to  drift  in  the  summer  season,  for  the 
cost  of  winter  work  is  about  60  per  cent  of  the  output  and  of  sunuiun' 
work  only  about  40  per  «^nt.  The  thawed  dirt  can  be  dumped  im- 
mediately into  tht^  sluice  boxes  and  washed.  There  are  several  mile.s 
of  ditching  to  bring  wafer  from  the  various  tributaries,  but  in  a  dry 

■  season  tlie  sii]jpl_y  is  insufficient.  In  the  first  week  of  July,  lil03.  thei-o 
had  been  already  thret^  weeks  of  dry  weather  and  much  of  the  work 
was  at  a  standstill. 

At  a  few  localities  on  Chicken  Creek,  Myers  Fork,  Stonehouse 
Creek,  and  Irene  Gulch,  claims  are  worked  by  open  cuts.  Work  can 
commence  May  1  and  continue  to  September  20. 

Three  claims  were  being  worked  on  the  upper  portion  of  Myers 
Fork,  where  the  bed  rock  is  olivinc-basalt  and  the  gravels  vary  from 
8  to  20  feet  in  thickness.  About  2i  feet  of  gravels  are  washed,  but 
most  of  the  gold  occurs  on  bed  rock.  It  is  coarser  than  that  on  the 
Chicken  and  runs  from  $80  to  $100  to  the  box  length. 

On  the  Stonehouse,  where  a  few  men  were  working,  the  depth  to 
bed  rock  is  about  14  feet,  and  pay  is  found  through  3  to  4  feet  of 
gravel.  On  the  rim  to  the  east  of  the  Stonehouse  the  depth  varies  up 
to  a  maximum  of  about  12  feet.  The  gold  found  here  is  rough  and 
dark  colored  and  may  have  been  derived  from  the  shales  cut  by 
the  ditch  just  above  this  locality  that  are  similar  to  those  in  which 
gold  has  been  found  in  place  one-fourth  mile  farther  east.  Irene 
Gulch  enters  the  Stonehouse  from  the  east.  It  is  very  short,  hardly 
more  than  a  sag  in  the  slopes  of  the  main  ^'alley,  but  is  interesting  in 
that  it  also  heads  in  the  shale  area.  The  l>ed  rock  in  the  lower  por- 
tion is  sandstone  containing  nodules  with  plant  remains.  Water  is 
brought  by  a  ditch  2,800  feet  in  length  from  the  upper  valley  of  the 
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Stonehouse.     Little  could  be  done  last  season  on  account  of  the  low 
water. 

The  production  from  Chicken  Creek  and  the  benches  during  the 
season  of  1903  was  alwut  $100,000.  In  July  about  80  men  were  work- 
ing; earlier  in  the  season  there  had  been  perhaps  twice  that  number. 

North  Fork  of  Fortymile. — North  Fork  meanders  in  a  narrow 
rock-cut  canyon  about  600  feet  below  the  floor  of  the  old  valley.  The 
upstream  part  and  the  downstream  part  of  a  meander  are  frequently 
brought  close  together  and  are  sometimes  separated  by  only  a  narrow 
ridge  of  rock.  In  a  river  like  the  Mississippi  cut-offs  are  often 
formed  at  high  water  in  such  portions  of  the  stream,  but  in  a  stream 
like  North  Fork,  deeply  sunk  within  hard  rock,  a  cut-off  can  be 
formed  by  natural  processes  only  when  the  stream  wears  away  the 
narrow  rock  barrier.  About  20  miles  up  North  Fork  from  the  junc- 
tion the  two  parts  of  a  meander  were  separated  from  each  other  by  a 
sharp  ridge  of  rock  over  100  feet  high  and  only  100  feet  wide  at  the 
base,  while  the  distance  around  by  stream  was  23  miles.  This  locality, 
which  is  known  as  the''  Kink,'*  lies  a  few  miles  west  of  the  area  shown 
on  the  map  (PI.  VII).  It  was  a  comparatively  easy  matter  to  blast 
away  the  rock  barrier,  and  thus  form  an  artificial  cut-off  which  drained 
the  "  Kink,-'  with  the  exception  of  a  few  standing  pools  of  water.  The 
original  width  of  the  cut-off  was  only  alwut  15  feet,  and  at  first  only  a 
small  quantity  of  water  flowed  through  it,  but  after  a  few  hours  the 
main  body  rushed  through  and  soon  worker:!  out  a  channel  over  40  feet 
wide.  The  low  gradient  in  the  2}  miles  around  is  now  concentrated  in 
a  fall  of  about  17  feet  in  two  portions,  an  upper  one  of  about  15  feet 
and  a  lower  one  of  about  2  fe«t.  There  is  a  deep  hole  below  the  falls 
where  grayling  swim  in  great  numbers,  unable  to  travel  upstream  by 
the  customary  route  or  to  jump  the  falls.  It  is  said,  however,  that  the 
rock  is  rapidly  wearing  away,  and  that  even  now  an  occasional  fish 
can  make  his  way  to  the  upper  river.  A  view  downstream  through 
the  cut-off  and  another  showing  the  drained  bed  of  the  river  aix; 
shown  in  PI.  X,  -1  and  ^. 

The  bed  rock  at  the  cut-off  is  quartz-biotite-gamet-schist,  with  a 
northwest  strike  and  a  northeast  dip  of  45°.  Half  a  mile  to  the 
west  occur  large  outerops  of  thin-bedded  and  massive  crystalline 
limestones  with  a  similar  strike  and  dip.  These  outcrop  on  the  east 
side  of  the  hill  to  the  west  of  North  P\)rk,  and  the  schists  occur 
again  on  Hutchinson  Creek  at  the  saw  mill.  The  same  formation  of 
schists  and  limestones,  which  is  found  for  several  miles  to  the  north 
and  south  of  North  Fork,  is  a  continuation  of  the  formation  occurring 
on  the  lower  Fortymile  at  Bonanza  Bar,  Franklin  Creek,  Wade  Creek, 
and  other  gold-producing  areas.  About  half  a  mile  above  the  Kink 
the  schists  are  cut  by  a  dike  of  olivine-basalt  about  100  feet  thick,  and 
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500  fe^  tuTOksr  up  by  aaietiier  dike  0I  tiie  same  rcM^.  The  ltla?|^^lt 
gtftvds  are  derived  largely  from  tilie  metamorphic  fonnation,  but  iP' 
'dude  also  a  considerable  pMportioa  of  grtoodiorite  and  some  biiap . 
It  is  prq[>osed  to  wdrtt  1^  rgravels  in  the  drained  portion  of  therii^Br 
bed,  whidi  is  about  200  feet  wide,  by  a  steam  dtedge  during  the  seaH^ 
of  1904«  The  gravds  along  the  sideof  diediannel  are  7  feet  tMdk  iyid 
are*ix>y«e»red  wiib  about  8  feet  of  sand  and  tnud:,  while  those  of  $set 
lir^r  bendies  rmty  in  thidmess  from  10  to  20  feet  Oonsid0ii|rie 
"t^dtk  has  been  done  h^re,  but  it  is  not  lamwn  whether  the  avertte 
values  (rfthegravds  have  beeki  fouhd  suffldent  to  justify  their  arpip 
tation.*  '^^^ 

'  Other  fofiMiTJW^.— 'There laisbeen  some  prospecting  in  upper  H\il|iiH 
in^n  Valley;  Two  meti  workmg  on  Confederate  Ore^,  just  ab^ 
the  mouth  of  Humbug !Ptip, report  about  6  fert  of  gravd  on  abedi|jMit 
elt  schist  Sootte  prospecting  was  in  progress  on  Montana  Cmiisf^ 
the  mduih  of  wlfidi  good  results  93p^  said  to  have  be^  oMaiQlil^ 
1902.  3o  far  as  seen  the  bed  rode  throu|^out  the  valley  beknigsfo 
the  schist-limest<me  formation,  cut  occasionally  by  granitic  andttt*' 
saltic  dikeld.  ^     ^ 

*  Napoleon  Greek  was  not  visited,  but  is  said  to  carry  good  valiiii^ 
It  has  been  extensively  exploited  in  the  past,  though  little  eaLQ&pl& 
representation  work  was  done  during  190S. 

A  few  men  we^  found  working  on  the  bars  of  Fortymile  between 
Steele  Creek  and  Bonanza  Bar.  The  rocks  along  this  portion  of  the 
river  are  closely  folded  horablende,  mica,  garnetiferous  and  quartzite 
schists,  interbedded  with  bluish  crystalline  limestone,  with  a  uniform 
strike  about  east  and  west. 

Nugget  Gulch,  a  small  tributary  of  Fortymile,  has  its  source  in  a 
dome  3,320  feet  in  height,  about  4  miles  north  of  the  river.  It  flows 
in  a  southerly  direction  through  a  narrow  V-shaped  valley,  and  enters 
Fortymile  about  2  miles  below  Steele  Creek.  This  creek  is  said  to 
have  produced  considerable  gold  in  the  early  days,  but  in  June,  1908, 
no  one  was  found  working  on  it.  The  schist-limestone  formation 
outcrops  frequently  in  the  bed  of  the  creek  and  on  the  sides  of  the 
canyon,  with  a  northerly  upstream  dip.  The  quartzite-schists  often 
show  crumpling  and  even  brecciation  of  the  different  layers.  A 
large  mass  of  basic  igneous  rock  related  to  gabbro  occurs  at  the  head 
of  the  creek.  The  gravels  include  varieties  of  schist,  limestone,  vein 
quartz,  and  pieces  of  the  dark-gi*een  igneous  rock.  The  creek  has 
been  worked  for  a  mile  above  the  mouth,  over  a  width  of  about  30 
feet. 

Gravels  occur  on  the  benches  in  the  vicinity  of  the  Fortymile,  and 
as  the  gulch  diggings  become  worked  out  attention  is  being  directed 

"  No  work  was  done  here  during  the  season  of  1004  and  the  locality  at  present  iB 
cljJetly  of  pbjraiogr&phic  interest 
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to  those  possible  sources  of  gold.  The  stream  which  formerly  occu- 
pied the  old  valley  of  the  Fortymile  had  its  meanders  and  deposited 
its  gravels  in  about  the  same  way  as  the  stream  is  now  doing  at  a 
level  from  500  to  600  feet  lower.  As  in  the  present  valley  only  a  few 
localities  are  found  where  pay  occurs  in  quantities  of  economic 
importance,  so  in  this  older,  larger  valley  there  were  also  some  locali- 
ties more  favorable  than  others  for  the  deposition  of  gold.  In  pros- 
pecting these  gravels,  then,  the  form  of  the  old  valley,  the  probable 
position  of  the  stream  within  it,  its  relations  to  the  bed  rock,  and  the 
lateral  spurs  and  the  probable  location  of  the  old  bars  should  be 
carefully  studied.  The  old  conditions  should  be  restored  so  far  as 
possible  in  the  mind  of  the  prospector,  and  those  localities  selected 
for  prospecting  which  seem  to  have  presented  in  the  older  time  the 
best  conditions  for  the  concentration  of  the  gold. 

Miller  Creek  is  a  small  branch  of  Dome  Creek  about  2^  miles  in 
length,  which  has  its  source  in  the  divide  between  Dome  and  McKin- 
ley,  and  flows  in  a  southerly  direction  through  a  comparativel}'  open 
valley,  bounded  on  either  side  by  the  broad  spurs  which  slope  gradu- 
ally from  the  divide  to  Dome  Cre^k.  Gold  was  discovered  here  in 
1893  by  men  who  packed  in  their  supplies  from  Nugget  Gulch.  The 
bed  rock  belongs  to  the  schist  formation  and  most  of  the  gravel  is 
schist:  Pieces  are  found  up  to  a  foot  or  more  in  diameter,  and  a  few 
well-rounded  bowlders  of  quartz  of  somewhat  larger  size  occur. 
There  are  about  8  feet  of  gravel  covered  by  a  variable  thickness  of 
muck  and  moss.  The  pay,  which  occurs  near  the  bed  rock,  in  about 
10  inches  of  dirt,  over  a  width  of  about  20  feet,  is  said  to  be  mostly 
coarse  and  rough,  but  to  include  also  some  smooth  pieces.  No  gold 
has  been  found  in  the  other  tributaries  of  the  Dome  or  in  the  Dome 
itself,  except  just  below  the  mouth  of  Miller  Creek,  where  good  pay 
was  found.  The  locality  is  interesting  in  showing  an  isolated  occur- 
rence of  gold  in  a  region  where  there  are  large  areas  of  similar  bed 
rock. 

EAOLR    AREA. 

American  Creek. — At  present  the  most  important  gold-producing 
area  in  the  vicinity  of  Eagle  is  that  of  American  Creek  and  its  tribu- 
tary. Discovery  Fork.  American  Creek  heads  in  the  divide,  about  10 
miles  southwest  of  Eagle,  flows  in  an  irregular  northeasterly  course, 
and  enters  Mission  Creek  about  a  mile  above  its  moiith.  From  the 
divide  at  the  source  to  the  mouth  there  is  a  fall  of  more  than  3,000 
feet.  Discoverv  Fork  is  formed  bv  the  union  of  several  small  tributa- 
ries,  flows  in  a  northerly  direction,  and  joins  American  Creek  within 
the  headwater  area.  The  main  stream  and  tributaries  flow,  with  a 
swift  current,  in  narrow  V-shaped  valleys,  deep  within  the  inclosing 
ridges,  as  shown  in  PI.  XII,  A. 
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Graphitic  schists,  contatmng  abundant  quartz  seams,  form  a  porUoii 
of  the  bed  rock  about  the  headwaters,  and  crystilUine  limestcme  out- 
crops on  the  divide  at  the  head  of  Discovery  Foi^.  Schists  similar  to 
those  above  described  occur  again  on  American  Cre^  about  a  mile 
abo3ire  its  junction  with  Discovery  Fork.  Bejow  this  point  to  Disoov^ 
ery  Fork  and  cm  ^e  latter  stream,  the  bed  rock  is  mostly  serpentine, 
frequently  cut  bjp^  basic  dikes. 

Though  American  Credc  has  beoa  wmrked  fmr  several  yeam  And 
considerable  coarse  gdd  found  upon  it,  no  preparations  wercl  inade 
to  work  thcr  gravels  on  a  large  scale  until  1908,  when  a  l^dbmlic 
plant  was  installed  at  a  point  about  1  mile  above  Discovery  Fork, 
wheire  there  is  an  iU^efined  bendi  on  the  west  fflde.  llie  glnvvilB  at 
thiis  locality  are  about  6  feet  thidk,  composed  of  schist  and  if^miis 
rocks.  ThQre  are  8  feet  of  loose  gravel  called  ^chieben  feed^*^  apd  8 
feet  of  similar  material  with  a  lai^  proportacm  of  clay.  'Q^  is 
found  throu|^(cmt  this  lower  deposit,  but  the  best  pay  is  mxiii  iii^bed  ' 
vockysame  being  also  found  in  the  bed  rode  itself  to  a  depth  of  9  feet. 
Barito  is  a  common  associate  of  the  gold. 

The  dlope  is  a  rather  steep  one,  from  the  edge  of  which  to  the  water 
of  the  creek  there  is  a  &11  of  about  15  feet.  A  fliune,  7,300  fM  in 
length,  with  a  capacity  of  1^200  indies,  has  been  built  from  tiie  ^qiper 
portion  of  American  Greek,  giving  a  head  of  150  feet  and  fumi&ing 
water  intended  to  supply  two  hydraulic  elevators.  The  capacity  of  the 
plant  was  expected  to  be  about  1,000  cubic  yards  of  dirt  in  a  day  of 
twenty-four  hours,  and  the  expense  of  working  about  10  per  cent.  At 
the  time  of  the  writer's  visit  the  water  was  turned  on  the  ground  for 
the  first  time.  The  plant  is  a  very  complete  one  for  work  and,  if  the 
water  supply  can  be  depended  upon,  should  accomplish  good  results. 
It  is  shown  in  PL  XI.*» 

Discovery  Fork. — On  Discovery  Fork  there  are  from  4  to  10  feet  of 
gravels  lying  on  the  serpentine  bed  rock,  covered  with  as  much  as  12 
feet  of  muck.  The  pay  is  mostly  on  bed  rock  and  is  rather  coarse. 
Values  are  found  over  a  width  of  from  8  to  nearly  30  feet.  The  creek 
has  produced  perhaps  $20,000.  During  the  season  of  1903  two  outfits 
were  working  on  it.^ 

SEVENTTMILE  AREA. 

Broken  Neck  Creek. — ^This  creek  is  about  20  miles  northwest  of 
Eagle.  It  is  short,  entering  the  Seventy  mile  from  the  north  just 
above  Mogul  Creek,  which  enters  from  the  south.  Its  valley  is 
bounded  by  precipitous  walls  several  hundred  feet  high,  and  where 

*  The  water  supply  was  found  insufBcleut  for  the  demands  of  the  plant,  and  during 
1904  modifications  of  the  method  were  being  tried  to  make  a  more  effective  use  of  the 
available  water. 

^  During  1004  excellent  results  were  secured  by  the  use  of  an  automatic  dump  gate. 
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the  stream  leaves  it  to  cross  the  flat  to  the  Seventymile  is  only  120  feet 
wide.  The  bed  rock  is  conglomerate,  interbedded  with  shale  contain- 
ing many  fossil  leaves  of  Arctic  Miocene  (Eocene)  age.  The  strike 
is  N.  60°  W.,  and  the  dip  75°  upstream  to  the  north.  The  gravels 
are  composed  of  the  pebbles  found  in  the  conglomerate,  fragments  of 
the  conglomerate  itself,  pieces  of  shale  and  sandstone,  occasional 
Iwwldersof  quartzite  a  foot  or  more  in  diameter  and  unlike  the  pebbles 
found  in  the  conglomerate,  and  bowlders  of  conglomerate,  which  are 
finer  grained  than  that  outcropping  along  the  creek,  are  very  compact, 
and  contain  a  larger  proportion  of  chert  pebbles.  The  creek  has  been 
worked  to  a  width  of  100  feet  at  the  mouth  for  about  one-half  mile . 
upstream.  The  pay  streak  is  said  to  have  .been  about  6  feet  wide, 
and  the  total  production  about  $10,000. 

The  falU. — The  falls  are  about  20  miles  northwest  of  Eagle,  on  the 
Seventymile.  Below  them  the  valley  of  the  Seventymile  is  bounded  by 
conglomerate  on  l)oth  sides ;  above  them  for  a  few  miles  the  river  flows 
close  to  the  contact  of  the  old  motamorphic  schist  fonnation  and  the 
conglomerate;  at  them  the  river  is  cutting  the  schists  and  has  become 
separated  from  the  conglomerate  by  a  hill  of  schist  and  impure  lime- 
stone 400  feet  high.  The  falls  are  only  about  9  feet  in  height.  Just 
below  them  the  stream  flows  through  schist  walls  20  to  40  feet  apart 
and  20  feet  high.  The  strike  of  the  schistosity  is  about  N.  75°  E.; 
the  dip  25°  to  the  north we.st.  Folding  has  been  very  close,  as  is  shown 
by  the  closely  appressed  minor  plications,  and  the  rocks  have 
been  much  jointed.  On  the  south  side  of  the  stream,  just  above  the 
falls,  there  is  a  deposit  of  gravel  on  the  schist  3  to  9  feet  thick,  covered 
with  a  few  feet  of  nmck.  At  the  point  where  work  was  in  progress 
the  bank  is  about  10  feet  high ;  a  section  from  top  to  bottom  showed 
2  feet  of  moss  and  muck,  4  feet  of  fine  gravel  and  sand,  1  foot  of 
muck  and  sand,  and  3  to  4  feet  of  gravel.  The  gravels  include  con- 
glomerate, schist,  vein  quartz,  limestone,  and  considerable  clay.  Pay 
is  said  to  be  found  all  through  the  lower  gi^avels. 

Three  men  were  working  at  this  locality.  A  ditch  IJ  miles  long 
brings  water  from  Washington  Creek  to  a  point  on  the  opposite  side 
of  the  Seventymile,  across  which  it  is  carried  in  a  canvas  hose,  HJ 
inches  in  diameter,  on  a  bridge  220  foot  long  and  30  feet  high,  to 
another  ditch  400  feet  in  length,  whence  it  is  used  (PL  XII,  B). 
During  the  night  the  water  is  run  on  the  muck,  sluicing  it  away,  and 
thus  preparing  the  ground  for  shoveling  in. 

Sonickson  Creek. — This  creek  heads  in  the  high  ridge  about  6  miles 
south  of  Seventymile  and  enters  the  river  about  2  miles  west  of  the 
fall.  In  this  part  of  its  course  it  runs  close  to  the  southern  boundary 
of  the  valley,  leaving  on  the  north  a  finely  preserved  flat  a  half  mile 
in  width  and  20  feet  above  the  stream.  Sonickson  is  a  small  creek, 
flowing  in  a  canyon  whose  slopes  exhibit  well-defined  benching  lu  tha 
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vicinity  of  the  Seveiitymile.  The  bed  rock  at  its  mouth  is  a  calcare- 
ous and  firraphitic  schist,  with  a  strike  N.  80°  W.  and  a  vertical 
dip.  Some  work  has  been  done  near  the  mouth.  The  average  depth 
to  lx»d  rock  is  alx)ut  8  feet,  and  the  mantle  of  sand  and  gravel  is  about 
2  feet  thick.  The  gravels  contain  bowlders  of  schist,  conglomerate, 
greenstone,  and  granite.  Tlie  gold  occurs  in  thin  pieces,  which  some- 
times liave  quartz  attached.  At  the  time  of  examination  little  work 
had  boon  done  for  five  weeks  on  account  of  low  water. 

Barney  Creek, — Barney  is  a  small  creek  entering  Seventymile  from 
the  north,  about  5  miles  west  of  Sonickson  Creek  and  30  miles  north- 
w^est  from  Eagle.  It  is  formed  by  two  tributaries,  one  from  the 
north  and  the  other  from  the  east,  and  flows  south  about  a  half  mile 
through  a  very  narrow  canyon  to  the  Seventymile.  The  bed  rock 
includes  closely  folded  conglomerate  and  plant-bearing  shales,  as  on 
the  Broken  Neck.  The  strike  is  N.  05°  W.  and  the  dip  varias  from 
55°  south  to  vertical. 

The  gravels  in  the  creek  are  1^  to  3  feet  thick,  composed  of  pebbles 
from  the  conglomerate,  pieces  of  the  a)ngloinerate,  and  bowlders  of 
vitreous  quartzite  up  to  3  feet  in  diameter.  The  gold  occurs  in  thin 
plates  up  to  one-fourth  inch  in  diameter. 

At  a  level  about  50  feet  above  the  mouth  of  the  creek,  on  the  west 
side  of  the  stream,  and  also  between  the  forks  about  one-half  mile 
upstream,  is  a  deposit  about  G  feet  thick  on  the  upturned  edges  of  the 
conglomerate.  This  deposit  consists  of  \\  feet  of  gravel  and  3  feet  of 
sand  and  nuick.  The  gravels  contain  large  (luartzite  lx)wl(lers,  and 
on  the  point  l>etween  the  creeks  have  been  found  to  carry  gold. 

The  fact  that  similar  bench  gi*avels  occur  on  both  Broken  Neck  and 
Barnev  creeks  indicates  a  considerable  distribution  of  these  gravels, 
and  the  fact  that  gold  has  Ikhmi  found  in  them  at  Barney  Creek  points 
to  them  as  a  ])ossible  source  of  the  placer  gold.  The  quartzite  is  en- 
tirely massive,  vitreous,  with  no  evidence  of  shearing  or  schistosity. 
The  nearest  locality  where  similar  rock  was  found  in  place  is  on  the 
ridge  east  of  Glacier  Mountain  and  north  of  Seward  Creek.  Farther 
west  the  ridge  south  of  the  Seventymile  contains  many  metamorphosed 
quartzose  sediments  and  granular  intrusives.  No  evidence  could  1k» 
obtained  as  to  whether  gold  had  ever  been  found  in  the  conglomerates 
themselves.  The  creek  was  first  prospected  in  1805,  and  is  said  to 
have  been  a  good  producer  in  18i)(». 

Nti(/(/(>f  Cra'k. — This  creek  is  small,  entering  the  Seventymile 
about  10  miles  above  Barnev  Creek.  The  bed  rock  is  a  mieissoid 
granite,  and  the  gravels  mostly  of  the  same  material,  their  average 
thickness  being  about  4  feet.  The  gohl  occurs  in  j)lates  up  to  one- 
fourth  of  an   inch  in  diameter,  aiid   has  garnets  associated   with  it. 

The  (luantitv  of  black  sand    is   verv   small.     Pav   is   found   over  a 
I  •  •  • 

width  of  20  feet  from  rim  to  rim  and  for  a  length  of  about  four 
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claims.  Two  men  were  working  on  the  creek,  bnt  could  do  little  on 
account  of  the  low  water. 

Flums  Creek. — This  creek  enters  Seventvmile  from  the  south  alK)ut 
45  miles  by  trail  from  Eagle.  It  heads  several  miles  back  in  the  hills 
and  flows  in  a  V-shaped  valley,  whch  about  a  mile  from  the  mouth 
become^s  very  narrow  and  is  bounded  by  precipitous  walls.  About  a 
half  mile  above  the  mouth  the  w'alls  begin  to  recede  from  .he  stream, 
and  at  the  mouth  there  is  a  flat  about  300  feet  in  width.  A  quarter 
of  a  mile  upstream  this  is  bounded  on  the  west  by  the  face  of  a  rock- 
cut  bench,  which  lies  about  20  feet  higher  than  the  creek  and  has  a 
very  even  surface  mantled  w  ith  a  few  feet  of  gravel. 

The  bed  rock  for  about  a  mile  above  the  mouth  is  greenstone  and 
serpentine.  Basic  dikes  are  common.  Above  this  formation  are  the 
metamorphic  schists.  The  gravels  at  this  point  are  mostly  schist,  but 
include  a  considerable  proportion  of  large  quartzite  bowldei's,  green- 
stone, vein  quartz,  crystalline  limestone,  black  chert  conglomerate, 
and  a  rock  which  resembles  granite,  but  is  more  closely  related  to  a 
quartz-diorite.  The  rock  is  said  to  occur  abundantly  at  the  head  of 
the  stream.  Flume  Creek  has  been  a  favorite  creek  for  prospecting. 
Some  coarse  gold  has  l>een  found,  and  nuggets  of  considerable  value 
have  been  reported.  There  are  mineralized  areas  in  the  greenstone 
formation,  one  of  which,  hardly  a  mile  above  the  mouth,  has  been 
somewhat  prospected.  At  this  place  the  rock  contains  many  small 
quartz  stringers,  intersecting  at  various  angles,  and  considerable 
pyrite.  The  oxidized  zone,  about  40  feet  in  width,  can  be  traced 
across  the  creek  to  the  opposite  wall  of  the  canyon,  and  strikes 
about  X.  25'^  W. 

Benches. — The  extensive  benching  which  the  valley  of  the  Seventy- 
mile  has  undergone  has  been  accompanied  on  the  lower  benches  by  the 
deposition  of  gravels.  Large  bodies  of  these  gravels  occnir,  and  have 
been  more  or  less  pros[)ected  from  time  to  time  in  the  hope  of  finding 
extensive  deposits  sufficiently  rich  to  pay  for  working  on  a  large 
scale.  Some  w^ork  was  in  progress  on  them  during  1903.  Prosjx^ct- 
ing  requires  much  time  and  systematic  work  l>efore  the  values  of  the 
gravel  can  \m>  determined. 

In  conclusion,  it  mav  l)e  said  that  there  are  a  few^  of  the  tributaries 
of  Seventymile  that  have  produced  good  pay  and  are  still  producing  a 
small  quantity  of  gold,  and  that  there  are  extensive  deposits  of  gravel 
along  the  main  stream,  some  of  which  are  known  to  contain  gold,  but 
none  of  which  have  had  their  distribution  and  values  accuratelv 
determined.  Up  to  the  present  time  apparently  no  results  have  been 
obtained  through  the  investigation  of  these  gravels  sufficient  to  jus- 
tify their  working  on  an  extensive  scale. 

About  25  men  were  working  on  the  Seventymile  during  the  season 
of  1903. 
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*  The  gold-producing  localities  of  tlie  Foi-tymile  ifgion  are  divided 
geograpliiciilly  into  three  rather  widely  separated  areas,  the  Forty- 
mile  area,  the  Eagle  area,  and  the  Seventymile  are*. 

Throiigli  most  of  the  Fortymiie  area  the  bed  rock  belongs  to  tJiK 
formation  known  as  the  Fortymiie  formation.  It  is  composed  of 
various  schists  with  int«rbedded  crystalline  limestone.  All  have  been 
closely  folded,  highly  metamorphosed,  and  intruded  by  many  kinds 
of  igneous  rocka.  Some  of  these  were  intruded  so  early  in  the  history 
of  the  region  as  to  have  also  iindergono  metamorphism ;  others  ii 
comparatively  fresh.  Small  quartii  veins  are  numerous,  and  locally 
the  rocks  have  become  mineralized  and  are  a  source  of  gold.  The 
occurrence  on  Chicken  Creek  is  different.  The  bed  rock  is  mostly 
olivine- basalt  and  a  formation  of  sandstone,  coal,  and  shale  which 
probaljly  belongs  to  the  Kenai.  The  walls  of  the  valley  are  olivine- 
basalt.  granular  and  porphyritic  igneous  rocks  of  types  ranging  from 
hornblende-granite  to  quarlz-diorite.  and  greenstones  of  the  llam- 
part  formation.  As  the  rocks  differ  from  those  of  the  other  localities,  , 
so,  too,  tliere  is  a  difference  in  the  character  of  the  gold,  which  Ls  gen- 
erally granular,  of  a  dark  color,  and  suggests  a  different  origin.  At 
two  localities  gold  has  been  found  in  place.  One  of  these  is  out- 
side the  valley  of  Cliieken  Creek,  but  in  a  diorilic  rock  which  is  found 
abundantly  within  the  valley ;  another  is  in  a  shale  of  undetermined 
age  which  may  possibly  belong  to  the  Rampart  formation.  The 
placer  gold  on  Chicken  Creek  may  have  been  derived  mostly,  if  not 
entirely,  from  these  two  sources. 

In  the  Eagle  area  the  occurrence  has  not  been  traced  to  a  source. 
The  bed  rock  of  American  Creek  near  the  headwaters  is  schist  and 
greenstone.  In  the  lower  part  of  its  course  the  creek  flows  mostly 
through  greenstones  and  serpentine. 

In  the  Seventymile  area  also  the  origin  is  indefinite.  The  creeks 
from  the  north  flow  through  conglomerate  of  the  Kenai  forma- 
tion. No  case  is  known  where  gold  has  been  found  in  place  in  the 
conglomerate,  but  it  has  been  found  in  a  wash  containing  heavy 
quartzite  bowlders  which  occurs  locally,  overlying  the  conglomerate. 
No  snch  bowlders  were  found  in  the  conglomerate,  and  the  wash  may 
possibly  have  been  derived  from  rather  distant  sources. 

The  most  interesting  recent  developments  in  the  Fortymiie  region 
are  the  discovery  of  gold  in  place  on  the  Chicken,  the  working  of  the 
high-bench  gravels  between  the  Chicken  and  the  Lost  Chicken,  the 
draining  of  North  Fork  by  an  artificial  cut-off  at  the  Kink  prepara- 
tory to  working  the  ground  on  an  extensive  scale,  and  the  installation 
of  a  hydraulic  plant  on  American  Creek.    The  best  results  So  far  have 
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been  obtained  between  Chicken  and  Lost  Chicken  creeks.  About  300 
men  were  working  in  the  region  during  1903,  and  the  production  was 
about  $175j000. 

BIRCH  CREEK  REGION. 
GENERAL    STATEMENT. 

The  discovery  of  gold  on  the  bars  of  Birch  Creek  attracted  miners 
from  the  Forty  mile,  and  the  later  discoveries  in  the  gravels  of  the 
gulches  established  the  importance  of  the  region  and  led  to  its  rapid 
development. 

The  ramifjdng  headwaters  of  Crooked  Creek  occupy  a  fan-shaped 
area  within  the  edge  of  the  hills  to  the  south  of  its  broad  flat  valley 
(PI.  XIII).  On  its  meandering  way  eastward  to  Birch  Creek  it 
receives  also  two  tributaries,  the  Boulder  and  the  Dead  wood,  which 
head  a  dozen  miles  or  more  to  the  southward  and  flow  northeasterly 
to  the  main  stream  in  parallel  courses  about  3  miles  apart.  The 
south  side  of  the  divide  in  which  these  streams  head  is  drained  by 
North  Fork  of  Birch  Creek. 

The  creeks  of  economic  importance  on  the  north  side  of  the  divide 
are  Deadwood,  Mammoth,  Mastodon,  Independence,  and  Miller;  on 
the  south  side  they  are  the  Eagle  and  its  tributary.  Mastodon  Fork. 
These  creeks  were  all  visited  by  a  survey  party  in  1896,  and  descrip- 
tions of  them  by  Spurr,  Goodrich,  and  Schrader  are  to  be  found  in 
the  report  of  the  expedition.^* 

CREEKS. 

Deadwood  Creek. — This  creek,  which  is  about  20  miles  long,  heads 
at  an  altitude  of  about  3,000  feet,  and  has  a  fall  of  over  2,000  feet 
from  source  to  mouth.  It  is  divided  into  two  portions,  an  upper  one 
about  12  miles  long,  where  the  stream  flows  through  a  rather  narrow 
valley  bounded  by  gradually  sloping  spurs  about  1,200  feet  above  it, 
and  a  lower  one  about  8  miles  long,  where  the  individuality  of  the 
valley  is  abruptly  lost  in  that  of  Crooked  Creek.  The  fall  in  the 
valley  portion  is  about  150  feet  to  the  mile.  The  stream  flat,  whicli 
attains  a  width  of  several  hundred  feet,  is  boimded  on  the  east  by 
a  rather  steep  slope,  near  which  the  stream  flows  through  most  of 
its  course.  The  west  side  of  the  valley  shows  a  more  or  less  well- 
defined  bench,  which  rises  gradually  from  a  level  about  20  feet  above 
the  stream  toward  a  ridge  which  separates  Deadwood  and  Boulder 
•  creeks.  Switch  Creek,  which  is  the  most  important  tributary,  is 
about  3  miles  in  length,  flows  in  a  narrow  V  -shaped  valley  and 
joins  the  main  creek  about  3  miles  above  its  emergence  from  the  hills. 

*  *  Spurr,   J.   E.,  Geology   of  the  Yukon  gold  district,   Alaslca :   Eighteenth   Ann.   Rept. 
U.  S.  Geol.  Surrey,  pt.  3,  1898,  pp.  342-355. 
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The  l)cd  Twk  in  iiiyKt  of  tlic  vaUoy  vari<w  from  ti  rather  ma):i.sive, 
Mwiky  quartKite  to  a  tiiictt-«'liirtt.  A  Btriictun>  observe<l  at  one 
locality  showed  it  strike  N.  00'*  E.  and  a  dip  of  20"  lo  -I't"  to  tlie 
southeast.  The  rocks  show  evidence  of  minor  folding  and  contain 
nnmerous  small  quartz  stringers.  Intrusive  granite  is  very  promi- 
nent in  the  region  farther  east,  eKpet-ially  on  Ket<'huni  Creek,  only  a 
few  miles  east  of  Deatlwooil  Oreek,  whez-e  weathering  ha.'^  produced 
very  striking  piimacled  fonns  from  this  rock  in  the  valley  of  the 
creek  itself.  On  Deadwood  Creek  it  is  not  so  conspicuous,  hut  forms 
the  lj(!d  rock  over  a  («n.siderable  portion  of  the  creek.  Dark-coloi'ed. 
more  basic  rocks  occasionally  occur. 

The  gravels  are  coinjjosed  of  the  varieties  of  rock  outcropping  in 
the  drainagei  areji  and  consist  mostly  of  snbaiigular  fragments  of 
runipanitively  small  Hize,  more  or  less  irregularly  arranged,  con- 
taining miidi  finely  broken  material  of  the  same  nature.  The  depth 
to  hod  Twk  varies  in  the  ereek  from  3  lo  12  feet,  and  on  the  bench  In 
the  west,  as  far  as  known  from  work  already  done,  from  C  to  20  feet. 
The  gi'avels  in  the  ci-eek  vary  in  1hicknes.s  up  to  alxtut  8  feet,  and 
there  is  generally  but  a  small  amount  of  top  dirt  to  l>e  removed. 
The  values  are  sometimes  found  through  the  whole  thickness  of 
gravel,  but  are  generally  dose  to  bod  riMik  and  are  found  also  in  the 
l)ed  rock  to  a  depth  of  2  or  more  feet.  Wlien  the  bed  rock  is  mas- 
sive and  divided  into  Idocks  througli  jointing,  vaUies  are  found 
sometimes  to  a  depth  of  4  feet  along  the  joint  planes.  The  width 
over  which  pay  is  found  varies  from  about  2^t  to  300  feet.  The 
average  width  is  said  to  be  from  150  to  200  feet,  and  the  average 
value  of  the  ground  for  the  entile  creek  to  be  about  $50  to  the  box 
length  of  12  by  16  feet.  Some  ground  has  avei-aged  much  more, 
values  ranging  from  $100  to  more  than  $200  having  been  obtained  in 
1903,  Not  much  work  has  Iwen  done  thus  far  on  the  bench  to  the 
west  side  of  the  valley,  and  little  is  known  of  the  extent  or  values  of 
the  gravels  found  there.  In  a  few  cases,  however,  these  gravels  are 
being  investigated  and  values  have  been  found.  At  one  locality 
20  feet  of  gravel  lie  on  a  rather  maasive  qnartzite  l>ed  rock  at  a 
level  of  20  feet  above  that  of  the  adjacent  cntek.  Little  gold  is 
found  in  the  gravel;  it  is  mostly  on  bed  rock  and  along  the  joint 
planes  to  a  depth  of  4  feet  within  it.  From  something  over  half  a 
box  length  of  ground,  10  by  12  feet,  $128  had  been  washed,  which 
would  give  an  average  for  the  amotmt  of  dirt  moved  of  something 
more  than  $1  to  the  cubic  yard.  Two  nuggets  had  been  found 
worth  $8  and  $10,  respectively.  This  iwality  i«  important  in  point- 
ing out  the  possibility  of  the  extt-nsion  of  the  pay  over  portions  of  the 
bench.  The  crwk  gold  is  generally  flattened  and  at  the  entrance  of 
the  villey  is  rather  flaky.  The  coarsest  piece  found  thus  far  on  the 
erect  was  worth  $122.     That  found  on  the  bench  is  rougher  and  more 
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lumpy  in  character.  The  present  annuul  production  is  probably 
under  $50,000;  the  total  production  has  been  al)ont  $1,500,000. 

Ground  is  now  worked  from  the  headwaters  throughout  the  narrow 
part  of  the  vallej',  a  distance  of  about  12  miles,  but  it  was  not  until 
1900  that  the  lower  part  was  found  to  l)e  productive.  The  open-cut 
system  has  been  employed  on  most  of  the  ground.  It  has  been  found 
advantageous  to  work  the  cuts  generally  to  a  width  of  10  feet.  The 
depth  is  such  that  dirt  can  be  shoveled  directly  into  the  sluice  boxes. 
Little  drifting  has  l)een  done  thus  far  on  the  creek,  but  it  was  pur- 
posed during  the  winter  of  1904  to  work  ground  on  the  bench  by 
this  method.  About  35  men  were  on  the  creek  at  the  end  of  August, 
1903.  The  bench  trail  from  Central  House  across  the  flat,  about  4 
miles,  to  the  entrance  of  the  valley  is  a  good  one,  but  in  wet  weather 
that  along  the  creek  is  soft  and  difficult  to  travel. 

Mammoth  Creek. — Mammoth  Cre^^k,  which  unites  with  Porcupine 
to  form  Crooked  Creek,  is  itself  formed  by  Mastodon  and  Independ- 
ence creeks,  which  unite  al)out  4  miles  to  the  southwest.  Miller 
Creek  joins  it  from  the  west  about  2  miles  above  its  union  with  Por- 
cupine Creek.  About  a  mile  l)elow  this  last  junction  it  flows  through 
a  flat  200  to  300  feet  wide,  gradually  widening  as  the  Porcupine  is 
neared.  On  the  east  side  spurs  descend  abruptly  from  an  altitude 
1,200  feet  above  the  creek.  On  the  west  the  valley  is  bounded  by  the 
termination  of  a  narrow  spur  between  Mastodon  and  Miller  creeks, 
and  that  of  a  broad,  low  spur  l:)etween  Mammoth  and  Porcupine 
creeks. 

The  l)ed  rock  is  quartzite-schist  and  granite,  and  the  gravels  are 
made  up  mostly  of  these  rocks,  with  a  small  proportion  of  vein  quartz. 
The  average  depth  to  lx».d  rock  is  about  10  feet,  and  the  upper  2  or  3 
feet  are  waste.  The  gold  is  rather  fine,  but  the  ground  is  i)robably 
rich  enough  to  be  worked  at  a  profit  on  a  large  scale.  One  of  the 
interesting  developments  has  been  the  introduction  of  machinery.  A 
steam  shovel,  shown  in  PI.  XIV,  .1,  was  shipped  in  over  the  snow  from 
Circle  during  the  winter  of  1903  and  gotten  into  position  to  work  the 
ground  during  the  following  summer.  This  shovel  is  capable  of 
handling  500  cubic  yards  of  dirt  in  ten  hours,  and  has  a  working 
width  of  20  feet.  Twelve  hundred  feet  of  track  have  been  provided 
for  it,  and  there  is  a  face  of  gravel  of  alx>ut  10  feet  upon  which  to 
work.  The  shovel  holds  about  three-fourths  of  a  cubic  yard,  and  the 
dirt  is  dumped  from  it  into  a  car  of  1^  cubic  yards  capacity,  which  is 
drawn  by  cable  up  a  steep  grade,  a  vertical  distance  of  22  feet,  to  the 
boxes.  The  flume,  which  has  a  capacity  of  5  sluice  heads,  brings 
water  from  a  point  1,700  feet  upstream.  It  is  said  3  sluice  heads  are 
sufficient  for  all  the  gravel  the  shovel  can  furnish.  The  system 
requires  \\  cords  of  wood  a  day  and  the  attention  of  about  15  men  on 
a  shift    A  bed-rock  drain  400  feet  long  carries  away  the  water  from 
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tht!  <^iit.     Work  can  l)e  comiiieiiL-wl  here  aiioiit  Jiiiit  15  and  coiitiiiiicil 
to  abuul  September  -iO. 

Mmtodon  Creel-. — The  headwaters  of  Mastodnn  Ci-eek  nrp  gathered 
from  an  amphitlieatral  area  on  the  northern  slopes  of  Mastodon 
Dome,  4,400  feet  liiijh,  situated  about  7  miles  southwest  from  the 
point  where  the  cit-ek  enters  Itlanmioth.  The  creek  flows  through  a 
picturesque  valley  limited  hy  even-topped  ^purs,  which  slope  gradu- 
ally in  a  direction  parallel  to  the  creek  at  an  altitude  of  about  one- 
fourth  mile  above  it.  The  valley  is  nnsymmetrical  in  section,  the 
stream  In  its  lower  portion  approaching  the  steep  ridge  on  the  east, 
and  billing  bounded  on  the  west  by  a  Ijench  whicJi  rises  with  a  steep 
'  grade  to  the  hsBe  of  the  spur.  Farthei-  upstream  the  valley  becomes 
more  open  and  the  stream  flat  attains  n  width  of  sevenil  hundred  feet, 

Quartzil<--8chist  and  mica-Kchist  are  the  most  common  varieties  of 
Ix-*!  rock  and  contain  the  usual  pi-ojKirtion  of  (([jartK  veins.  The 
str-ikc  of  the  t^histosity  is  usually  acixKis  ttie  stream  and  Ihc  dip  to 
the  south.  Near  the  mouth  of  the  Masttxlun  sonic  lliin-ln-dded. 
imi)ui'e.  i-Iosely  folded  limestone  was  observed.  On  some  ()f  the  . 
claims  (M-vurs  a  greenisli  f«ldnjmthic  schist  which  weathers  mon*  easily 
than  the  usual  l»ed  riK:k.  and  iniiy  irpresent  an  intrusive  i-oek  whidi 
hu  nndeigone  metamorphism  almg  with  the  other  rocfc&  SmsU 
gEtnitio  diWs  slf»  occur. 

The  gravels  are  siiiiilar  in  character  to  those  od  the  Deadwood.  They 
include  subsngutar  fragments  of  the  bed  rock,  with  fine  material  of 
the  same  nature  and  some  sand  and  clay.  A  large  part  of  it  is  but 
little  worn,  and  the  arrangement  is  generally  more  or  less  irregular. 
The  average  depth  to  bed  rock  is  10  to  12  feet,  with  a  maximum  of 
about  20  feet.  There  is  Hometimew  a  layer  of  muck  on  top  of  the 
gravels,  which  attains  a  thickness  of  about  4  feet.  Seven  feet  is  the 
maximum  of  stripping  that  is  required.  The  gold  is  found  sometimes 
scattered  through  the  gravel  and  sometimes  close  to  bed  rock  or  ti>  a 
distance  of  a  few  feet  within  it.  The  pay  streak  has  a  variable  width, 
with  a  maximum  of  perhaps  200  feet  The  gold  is  generally  rather 
fine,  the  coarsest  piece  foimd  thus  far  weighing  only  3  or  4  ounces. 
Some  of  the  ground  averages  probably  from  $2  to  $3  a  cubic  yard, 
and  some  of  it  is  considerably  richer.  Estimates  of  the  aimiial  pro- 
duction have  been  made  varying  from  $7r»,000  to  over  $100,000.  The 
gold  brings  $17  an  ounce  in  trade. 

Work,  the  results  of  whi('h  are  said  to  be  satisfact<uy,  is  being  done 
on  the  rim  to  the  west  of  Alastodon.  The  gold  is  somewhat  coarser 
than  the  creek  gold.  Portions  of  the  creek  have  been  worked  thor- 
oughly and  systematically  by  the  open-cut  method.  At  one  locality 
11  parallel  cuts,  each  18  feet  wide,  have  l>een  run.  (See  PI.  XIV,  B.) 
It  is  said  to  require  about  twelve  days'  work  of  one  man  to  shovel  a  box 
length  18  by  12  feet,  with  an  average  depth  to  bed  rock  of  about  8 
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feet.  This  makes  over  5  cubic  yards  a  day  to  the  man.  A  strip  2 
cuts  wide  is  sometimes  worked  in  conjunction  with  2  sets  of  sluice 
boxes,  and  in  most  cases  it  is  possible  to  shovel  directly  into  them. 

Machinery  has  been  introduced  on  a  few  claims.  A  steam  trolley 
was  in  use  on  one  claim,  by  means  of  which  the  dirt  was  raised  in  a 
bucket,  conveyed  along  the  cable,  and  dumped  automatically  into  the 
sluice  boxes,  which  were  elevated  about  18  feet  above  the  ground. 
By  the  use  of  this  arrangement  it  was  said  a  man's  capacity  was 
increased  to  12  cubic  yards  of  dirt  a  day. 

On  another  claim,  where  there  was  a  depth  to  bed  rock  of  8  to  16 
feet,  a  plant  was  being  installed  to  work  by  the  hydraulic  method. 
There  was  an  80- foot  head  of  water  to  be  conveyed  through  the  12-inch 
pipe  to  a  2^-inch  giant.  Everything  was  to  \)e  washed  through  the 
boxes,  and  the  tailings  raised  by  steam  power  to  bt»  carried  away  by 
water.  A  combined  ditch  and  flume  two-thirds  of  a  mile  in  length 
had  been  constructed,  and  machinery,  consisting  of  a  20-horsepower 
double-drum  and  a  10-horsepower  single-drum  hoist,  had  been  put  in 
place  to  ol(»vate  the  tailings.  At  another  locality  the  depth  to  bed 
rock  was  about  15  feet,  and  it  was  necessary  to  strip  6  to  7  feet. 
Machinery  was  on  the  ground,  consisting  of  a  20-horsepower  boiler, 
hoist,  pumps,  trolleys,  and  scrapers.  Part  of  it  was  in  use  and  plans 
wen^  under  way  for  more  extensive  work. 

The  season  of  1903  was  the  first  in  which  machinery  was  used  to 
any  extent,  and  it  is  yet  too  early  to  compare  its  results  with  those 
achieved  bv  other  methods.  WTiere  machinery  had  IxH^n  installed  the 
work  was  largely  experimental,  as  many  of  the  men  were  unfamiliar 
with  it,  and  much  time  was  spent  in  learning  how  to  get  the  best 
results.  As  there  is  no  wood  in  the  upper  part  of  the  creek,  fuel  had 
to  be  brought  from  Mammoth  Creek,  and  problems  in  regard  to  the 
ownership  of  tiinlKT  were  already  causing  difficulty. 

There  is  some  winter  work  done  by  drifting  in  the  upi)er  portion 
of  the  vaHe\v,  where  it  is  sjiid  $:iO,000  to  $25,000  were  produced  by 
this  method  during  the  winter  of  1902-3. 

Independence  ('reel\ — This  creek  also  has  its  sourt^e  on  the  northern 
slopes  of  Mastodon  Dome  and  flows  in  a  northerly  direction,  to  unite 
finally  with  Mastodon  Creek.  It  was  not  visited,  but  as  far  as  could 
be  learned  the  conditions  wore  similar  to  those  on  the  Mastodon. 
Seven  men  were  said  to  be  working  on  it  during  the  season  of  1903. 

Miller  Creek. — Miller  Creek  is  similar  in  all  essential  features  to 
Mastodon  Creek.  It  is  less  than  2  miles  farther  west,  flows  northeast- 
erly in  a  course  nearly  parallel  to  that  of  the  Mastodon,  and  joins  the 
Mammoth  about  2  miles  above  the  Porcuj)ine.  The  stream  heads  in 
a  picturesque  amphitheater  of  hills.  In  the  upi)er  part  of  its  course 
there  is  a  bench  on  the  northwest  side,  and  it  keeps  rather  close  to  the 
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sttftp  sloiH'  whidi  borders  tlie  valley  on  the  soiitlirast.     In  the  lowur 
valley  these  conditions  are  reversed. 

The  iH'd  rock  is  qn»rtj!ite  and  fiiiartzite-scliist  veined  with  qiinrtit. 
Granitic  dikes  occur  on  the  di^-ide  l»tween  Miller  iind  Eagle  crwks. 
The  gravels  are  similar  in  charncter  and  an-angement  to  those  on  the 
Mastodon,  The  depth  to  bed  rock  varies  from  8  to  Ifi  feet  and  there  ' 
is  fi-oni  4  to  S  feet  to  strip.  Occasionally  there  is  clay,  which  has  Vxwii 
foniid  t«  be  as  much  aa  3  feet  in  thickness  between  the  gravels  and  bed  > 
rock.  This,  when  present,  contains  most  of  the  pay.  The  gold  is 
about  the  same  as  that  of  the  Mastixlon.  Pieces  weighing  an  oniii^ 
have  been  found,  but  the  general  run  is  rather  fine.  That  near  the 
head  of  the  creek  is  rough-  The  gold  is  found  scattered  tlirongh  sev- 
eral feet  of  gravel  over  a  ma.\inmni  width  of  about  50  feet.  Some  of 
the  groiiml  avi'rage,s  almut  $l.liO  to  tlie  cubic  yard.  It  is  worked  by 
open  cuts,  where  the  average  depth  to  bed  rock  is  about  12  feet,  with 
I!  to  8  feet  to  strip.  It  is  said  that  two  men  can  work  aliout  20  box 
lengths  of  12  by  16  feet  in  a  season.  Near  the  head  of  the  creek  a 
month's  work  may  he  lost  during  the  summer  by  low  water.  The 
armnal  production  is  jwrhaps  $:JiXH)  to  $r»,OnO.  About  10  men  were 
working  on  the  creek  during  the  season  of  IPCW. 

KtiijJ/'  CiTck  aii'f  fnhiitnrieK. — All  tlie  nbove  cri'i'ks  arc  tributarv  to 
Crooked  Creok.  Over  the  divide  from  Mo>1o.I.iti  iind  Miller  crtfktt 
are  the  headwaters  of  two  small  streams,  Mastodon  and  Miller  forks, 
which  unite  to  form  Eagle  Creek,  a  tributary  of  Birch  Creek.  Gold 
was  discovered  on  Eagle  Creek  in  1895,  and  much  work  has  been  done 
on  this  creek  and  on  Mastodon  Fork.  Mastodon  Fork  heads  in  an 
amphitheatral  area  on  the  northwest  slope  of  Mastodon  Dome,  and 
flows  northwesterly  through  a  narrow  V-shai)ed  valley  for  a  distance 
of  about  3  miles  to  Miller  Fork.  The  bed  rock  and  gravels  are  similar 
to  those  on  the  other  side  of  the  divide.  As  on  Miller  Creek,  clay  is 
often  found  next  to  the  bed  rock  of  qnartzite-schJst.  The  dei»th  to 
bed  rock  varies  from  8  to  10  feet  or  more.  In  some  cases  there  are  3 
to  4  feet  to  strip  and  4  to  T)  feet  of  pay  dirt.  When  clay  occurs  along 
with  the  gravels,  the  gold  is  often  found  in  seams  in  the  clay  a  few 
inches  above  bed  rock.  It  is  also  found  in  the  bed  rock  to  a  depth  of 
3  feet.  Values  are  said  to  occur  irregularly  on  the  creek.  Some 
ground  has  been  very  good  and  has  yielded  from  $2  to  $4  per  cubic 
yard.  The  gold  is  bft4>n  coarse.  A  flat  nugget  was  found  during 
the  season  of  190;i  the  dimensions  of  which  were  2  by  1^  inches  and 
the  weight  2J  ounces.  Some  quartz  was  attached,  and  tlie  nugget  had 
the  appearance  of  having  been  derived  from  a  seam  in  the  bed  rock. 
Work  has  been  done  on  about  li  miles  of  the  creek,  the  claims  having 
l>een  worked  by  open  cuts.  The  creek  is  said  to  have  produced  from 
$15,000  to  $18,000  during  the  season  of  1903. 
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Eagle  Creek  has  a  length  of  about  4  miles.  The  valley  widens 
rapidly  l>elow  the  junction  of  the  forks  until  the  valley  floor  become.^ 
one-fouilh  mile  or  more  in  width,  bounded  by  spurs,  which  recede 
gi-adually  as  the  mouth  is  approached  and  terminate  in  broad  low 
slopes  at  Birch  Creek.  Work  has  been  done  for  about  2  miles  below 
the  junction.  The  bed  rock  and  gravels  are  similar  to  those  on  the 
other  creeks;  the  depth  to  bed  rock  at  the  localities  visited  varied 
from  14  to  18  feet;  about  (>  feet  is  ground  sluiced,  and  pay  is  found 
in  about  6  feet.  Values  have  been  found  ranging  from  $125  to  about 
$400  por  box  length  of  12  by  18  feet.  Some  of  the  gold  is  coarse,  one 
piece  woith  $74  having  been  found.  Work  was  being  done  at  only  a 
few  places  on  the  creek ;  on  one  claim  a  drain  was  being  put  in  pre- 
paratory to  winter  drifting;  at  another  locality  the  ground  was 
worked  by  open  cuts,  but  the  depth  to  beil  rock  made  it  necessary  to 
shovel  the  dirt  first  to  a  staging  and  then  to  the  sluice  boxes.  The 
grade  of  the  gold  of  Piagle  Creek  and  Mastodon  Fork  is  the  best 
fo!md  in  the  Birch  Creek  region.  About  20  men  were  working  on 
these  creeks  in  September,  1903. 

SU3IMARY. 

The  conditions  of  occurrence  on  all  of  the  gold-producing  creeks  of 
the  Birch  Creek  region  are  apparently  the  same.  No  foreign  wasli 
was  anywhere  observed,  and  there  is  no  reason  to  believe  that  the  gold 
has  had  other  than  a  local  origin.  The  quartzite-schists  contain 
numerous  small  quartz  stringers,  and  pieces  containing  gold  in  the 
quartz  steams  have  been  found.  It  seems  probable  that  here  is  at  least 
one  source  of  the  gold.  The  bed  rock,  so  far  as  known,  is  about  the 
same  over  a  large  area.  Only  a  few  of  the  streams  within  this  area 
are  gold  producers.  In  a  broad  way,  then,  the  occurrence  of  gold 
shows  localization.  Whether  the  rocks  have  been  uniformly  miner- 
alized over  a  considerable  portion  of  the  drainage  basin  of  a  stream  or 
only  within  certain  zones  or  areas  along  its  course  which  are  relatively 
rich  is  a  prot)leni  that  can  Ik>  solved  only  by  detailed  study.  When 
gold  has  originated  from  local  rich  areas  it  can  often  be  traced  to  its 
source. 

The  process  of  distribution,  or  decentration,  as  it  might  l>e  called, 
of  the  gold  from  such  loctal  areas  through  the  agency  of  gravity  and 
local  wash  precedes  that  of  concentration,  and  its  results  may  be  often 
obscured  or  removed  by  the  stream  action  which  brings  about  the 
later  concentration.  It  seems  probable,  in  view  of  what  facts  we 
possess,  that  the  gold  found  on  the  creeks  of  the  Birch  Creek  region 
has  been  derived  from  large  areas  of  bed  rock  more  or  less  uniformly 
mineralized;  that  there  are  probably  no  zones  or  po(*kets  especially 
rich  in  the  metal :   and  that  the  distributed  products  from  the  areas 
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have  been  concentrated  by  stream  action  modified  by  localized  annual 
glaciation,  or '"  annual  glaciers,"  as  they  have  been  called  by  Spurr.*» 

About  200  men  were  working  on  the  creeks,  the  annual  production 
being  about  the  same  as  that  of  the  Fort3'mile  region — $175,000. 

FAIRBANKS    REGION. 
(SENERAL   STATEMENT. 

In  the  rush  of  1898  many  started  for  the  Yukon  from  Valdes. 
Some,  after  a  hard  trip,  succeeded  in  reaching  the  Forty  mile  region; 
oth^i-s,  on  arriving  at  the  Tanana,  chose  the  line  of  least  resistance 
and  drifted  down  the  river.  The  economic  results  were  scanty,  but 
some  knowledge  was  gained  of  general  conditions  in  the  Tanana 
Valley.  In  the  same  year  a  party  from  the  (Jeological  Survey, 
under  Peters  and  Brooks,  descended  the  Tanana  from  the  head- 
waters, mapped  the  area  along  the  river,  and  studied  the  geology. 
An  opportunity  was  thus  given  to  compare  tJie  rocks  of  this  region 
with  those  of  the  gold- producing  creeks  of  the  Fortymile  and  Birch 
Creek  regions,  studied  by  Spun*  in  180v^.  The  formations  were 
found  to  1x5  similar  to  those  of  the  better-known  regions,  and  it  is 
interesting,  in  the  light  of  recent  developments  in  the  Tanana  Valley, 
to  read  again  the  following  extract  from  the  summary  of  Brooks's 
report  regarding  the  ])ossil)ililies  of  tli(»  region: 

In  this  description  <»1*  tlu*  ^^old  rcsonrccs  an  attempt  has  l>een  made  to  state 
the  hare  facts,  ehsirly  shorn  of  aU  spe<'nhi(ions  and  wihl  rnniors.  We  have 
seen  that  traces  of  ;:ohl  have  l»een  found  thr«)Ui:hont  the  re;^'ion  exannnfMl  hy 
our  party,  and  that  the  conditions  for  its  o<-cin*renc(»  ai'c  in  many  respects  favor- 
xd>le ;  also  that  the  litth*  prospectini^  which  has  Ikhmi  <lone  up  to  the  present 
time  has  heen  too  hurried  and  too  superficial  to  l)e  re;:ard(Ml  as  a  fair  test  of 
the  region.  Our  hest  information  leads  us  to  helievc*  that  the  same  horizons 
which  carry  the  jrold  in  the  F<>rtymile  and  T'.ir<h  Creek  districts  are  repre- 
sented in  the  White  and  Tanana  river  hasins.  I  i>clieve,  therefore,  in  spite  of 
the  adverse  results  which  have  l)een  ohtainivl  so  far,  wliicli  are  jmrely  nejra- 
tive.  that  the  White  and  Tanana  river  hasins  still  ofl'cr  a  favorahle  field  for 
the  intellijrent  prospe<'tor.  T  am  inclined  to  think  that  the  upper  hasins  of 
these  rivers  are  occupied  chiefly  hy  the  youni^er  non-^old-hearinjr  rocks.  I 
shouhl  advis<»  ])rospectors  tt»  carefnlly  invest iirate  tin*  small  trihutary  streams 
of  the  lower  White  and  of  the  Tanana  fiom  Mirror  rrci'k  to  the  mouth.  The 
hea<lwaters  of  the  streams  lyimc  to  the  north  of  the  'I'anana  ou.irht  to  offer 
favorahle  returns,  situated,  as  thc\  arc.  ((ppusilc  the  headwaters  of  Fortymile 
and  Birch  creeks,  streams  which  are  more  (►r  less  irold  hearinir.^' 

Occasionallv  men  from  the  Fortymile^  and  P>ir('h  Creek  reijrions 
made  short  trips  over  the  hills  to  tlie  south  in  tlie  early  days  and  did 
some  jirospecting  in  the  \  alley  of  th(»  Tanana,  hut  ti'ii)s  (hi*ougli  this 
country  wore  necessai'ilv  of  a  hurried  nature^  on  aecoiint     of  the  dis- 


"  Spurr,  .1.   H..  (leolo^y  of  tin*  Yukon   irold  districi  :    Kiurhtooiitli   Ann.    K<'i»f.    \'.   S.   iipol. 
Survey,  pt.  :\,   1S!)S.  p.  :\AV,. 
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lance  from  sources  of  supply,  and  very  little  thorough  work  could 
he  done. 

A  trading  post  was  established  in  IDOl  at  the  point  where  Fair- 
banks is  now  located,  and  finally,  in  July,  lOO'J,  gold  in  quantities 
of  economic  imi)ortance  was  found.  Felix  Pedro,  who  was  prospect- 
ing some  of  the  small  streams  al>out  a  dozen  miles  north  of  the 
Tanana  and  *J00  miles  alx)ve  the  mouth,  found  gcKxl  prosi)ects  on  the 
ci'eek  which  is  now  called  Pedro.  (lold  was  soon  found  on  neighbor- 
ing creeks  and  the  region  became  known  as  the  Fairbanks  mining 
district,  the  name  l)eing  given  in  honor  of  Senator  C.  W.  F'air- 
banks,  now  vice-president  elect  of  the  United  States.  The  towns 
of  Fairbanks  and  Chena  quickly  sprung  up  on  Chena  Slough 
and  Tanana  River,  resiwctively,  and  trails  wei*e  made  connecting 
these  places  with  the  cnn^ks.  Exaggerated  reports  naturally  found 
their  way  to  the  other  camps.  People  came  by  way  of  the  river 
over  the  direct  trail  from  Circle,  150  miles  to  the  northeast,  and  by 
way  of  the  fioodpaster  from  Eagle,  200  miles  in  a  direct  line  to  the 
east.  The  road  houses  in  the  Birch  Creek  region  w^erc  often  scenes 
of  great  activity  during  the  winter  evenings  when  men  and  dogs 
were  gathered  from  all  along  the  trail.  Conditions,  however,  did  not 
come  up  to  anticipations,  and  an  mifavorable  impression  of  the  camp 
spread  up  and  down  the  Yukon. 

In  spite  of  the  unfavorable  ccmditjons  due  to  high  prices  of  all 
kinds  of  supplies  and  the  lack  of  ready  money  for  the  development  of 
their  claims,  the  men  on  the  cn^ks  kept  digging,  and  by  the  fall  of 
1908  the  production  amounted  to  $;^0,000  or  $35,000  and  the  popula- 
tion of  the  n>gi()n  had  Ix^come  alK)ut  SOO. 

The  cn*eks  of  economic  importance  referred  to  under  the  name  of 
the  F'airbanks  mining  district  during  H)OH  were  the  Pedro  and  its  tril)- 
utary,  Twin  Creek ;  (lold  Stream,  the  contiiniaticm  of  the  Pedro  lx»low 
the  Gilmore;  Cleary  CVeek  and  its  tributaries.  Wolf  and  Chatham 
creeks;  and  Fairbanks  (^reek.  These  all  head  within  a  few  miles  of 
each  other  in  the  divide  Ix^tween  Chatanika  and  Little  Chena  rivei-s 
and  flow  in  divergent  cours(»s.     (See  map,  PI.  XIII.) 

The  Fairbanks  district  has  developed  so  rapidly  that  the  work  of 
1008  was  supplemented  by  that  of  two  parties  from  the  (leological 
Survey  during  the  field  scnison  of  1004.  C.  W.  Purington,  assisted  by 
Sidney  Paige,  in  the  course  of  detailed  studies  of  the  placer  camps 
throughout  Alaska  and  the  northwestern  British  poss(»ssions.  visited 
the  Fairbanks  placers  during  the  later  part  of  July.  The  writer, 
assisted  by  Frank  L.  I  less,  with  a  packer,  cook,  and  7  hors<>s,  left 
Eagle  June  17  for  the  Tanana  country,  travers(»d  the  region  drained 
by  the  Gcxxlpaster,  Salcha,  and  Chena  rivers,  and  reached  the  Fair- 
banks district  about  the  same  time  as  the  other  party. 
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Many  changes  were  found  to  have  taken  place  since  September. 
1903.  The  town  of  Fairbanks  had  become  a  thriving  supply  point, 
tlie  facilities  for  transportation  to  the  creeks  were  being  rapidly 
improved,  and  the  production  of  gold  had  amounted  to  at  least 
$350,000.  From  the  opening  of  navigation  on  the  Yukon,  when  the 
party  left  Dawson  on  one  of  the  early  boats,  nearly  to  the  close  of 
navigation  in  September,  all  steamers  downward  bound  from  Dawson 
had  been  crowded  with  passengers  and  freight,  and  during  the  pres- 
ent winter,  1904-5,  there  are  from  4,000  to  5,000  people  in  this  portion 
of  the  Tanana  Valley,  about  one-tenth  of  whom  are  employed  on  the 
creeks.  Naturally,  a  larger  number  of  people  gathered  there  than  the 
conditions  at  the  time  would  justify,  and  along  with  the  workers  came 
an  undesirable  element  to  lead  a  parasitic  life  upon  the  miners.  It  is 
believed,  however,  that  the  Fairbanks  district  is  strong  enough  in  its 
natural  resources  to  develop  healthily  in  spite  of  this  influx,  and  the 
season  of  1905  promises  to  be  one  of  much  activity. 

The  scarcity  of  supplies  and  consequent  high  prices  retarded  devel- 
opment during  the  winter  of  1903-4,  which  was  a  rather  hard  one  for 
many  of  the  miners.  Provisions  at  Fairbanks  and  Chena  were  sold 
on  a  cash  basis,  and  a  necessary  part  of  tlie  winter's  work  was  the 
rocking  out  of  sufficient  gold  from  the  dumps  to  pay  the  grocery  bill, 
which,  with  flour  as  high  as  $30  a  hundred,  and  other  things  in  pro- 
])ortion,  was  a  very  important  item.  Provisions  wore  also  obtainec] 
as  far  away  as  Circle  and  Rani])arl  and  freiirhted  across  country. 
Men  wci'(*  able  to  buy  from  one  another,  and  with  nnitual  helpfulness 
and  hard  work  the  time  was  passed  till  (h(»  boats  came  a^ain  in  the 
spring.  Among  a  few  was  a  spirit  of  bitterness  that  thin<j:s  had  been 
as  they  weiv,  hut  the  genei*al  feeling  was  one  of  indejKMident  cheer- 
fulness. Tlieir  resourcefulness  was  voiced  l)y  one  of  the  miners,  who 
said  thei'e  were  too  many  men  handv  with  the  Winchester  to  tro 
hungry  while  th(»re  were  caribou  among  the  hills. 

The  town  of  Fairbanks  is  located  along  the  south  side  of  Chena 
Slough,  upon  an  (\\tensi\(»  flat  which  alf'ords  abundant  oj)portunity 
for  growth.  In  1!)()8  a  loose  collection  of  log  cabins  >\as  strung  ii'i'eg- 
nlarlv  alouir  the  slouHi  an<l  a  cable  ferrv  coiniected  the  town  with 
the  j)ack  trail  to  the  creeks.  In  11)04  this  locality  presented  a  scene 
of  nnicli  animation.  Wareliouses,  stoi-es,  saloons,  and  restaurants, 
(»itlier  in  oi)eratipn  or  in  various  stages  of  completion,  lined  the  street 
alonir  t\w  water  front,  whiUvalonir  the  slouirh,  bevond  the  business 
portions  of  the  town  and  over  the  flat  in  the  backgi-ound,  were  scat- 
tered the  comfortable  and  tasteful  cabins  of  the  iii]iai)itants.  Fre- 
(|uent  steamers  were  bringing  passengers  and  freight  IVoni  the  out- 
side, and  freight  teams  and  pack  trains  were  loading  su|)plies  for 
transportation  to  the  creeks.  The  constant  hum  of  the  sawmills  in 
town,  heard  far  along  the  sloj)es  to  the  north  proclaimed  the  steady 
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growth  of  the  settlement  which  has  sprung  to  importance  on  the  once 
quiet  flats  of  the  Tanana. 

Fairbanks  is  at  present  the  most  important  supply  point  in  the 
interior  of  Alaska.  Transportation  from  the  outside  during  the  last 
season  has  been  largely  by  way  of  Dawson.  The  largest  boats  plying 
on  the  Yukon  transship  their  passengers  and  freight  at  Tanana  to 
boats  better  adapted  to  the  conditions  on  tlie  Tanana  River. 

All  of  the  boats  at  times  of  low^  w^ater  are  liable  to  experience  diffi- 
culty in  the  slough  lietween  Chena  and  Fairbanks,  and  some  men 
made  good  wages  during  the  early  part  of  the  past  season  in  poling 
suppliers  from  Chena  to  Fairbanks.  Supplies  are  brought  also  by 
way  of  St.  Michael,  but  th(»  fact  that  boats  can  reach  Fairbanks  much 
earlier  in  the  spring  from  the  upper  river  has  made  this  route  popu- 
lar at  that  time  of  the  year,  when  supplies  of  all  kinds  are  in  greatest 
denuind.  Cattle  were  successfully  brought  to  Fairbanks  by  being 
shipi^d  to  Dawson,  carried  thence  by  scow  down  the  river  to  Circle, 
and  driven  over  the  trail,  a  distance  of  about  150  miles,  from  Circle 
to  Fairbanks. 

The  first-class  pass<»nger  rate. from  Seattle  to  Fairbanks  during  the 
season  of  1J)04,  either  bv  wav  of  St.  Michael  or  Daw^son,  was  $150. 
The  freight  rate  varies  greatly,  according  to  the  kind  of  material; 
that  for  ordinary  supplies  by  way  of  St.  Michael  was  $100  a  ton. 

A  bridge  has  ])e(»n  const ructinl  across  the  slough  and  a  wagon  road 
ha.s  replaced  the  pack  trail.  The  wagon  road  leaves  the  flat  about 
2  miles  from  town,  winds  with  easy  grades  among  the  l^eautiful 
birches  of  the  lower  slo})es,  and  then  follows  the  wooded  ridge  to  a 
point  about  12  miles  from  town,  opposite  the  mouth  of  (tilmore 
Creek,  where  it  descends  rather  abruptly  to  the  creek.  The  road 
from  the  town  to  the  slope  of  the  Gilmore  Valley  has  required  but 
little  work  in  its  construction,  and  freight  wagons  drawn  by  from  two 
to  six  horses  and  carrying  up  to  »^,000  pounds  of  freight  find  but  lit- 
tle difficulty  in  traversing  this  portion  of  it.  From  here  on  the  con- 
ditions are  different.  I'here  is  nuich  soft' ground  along  the  creeks, 
and  considerable  work  and  ex[Xinse  are  involved  in  making  roads 
suitable  for  the  transportation  of  heavy  freight  wagons.  The  fact 
that  good  roads  are  j)ossible  under  similar  conditions  has  been 
proved  again  and  again  on  the  Canadian  side  of  the  boundary,  but 
in  the  Yukon -Tanana  n»gion  such  roads  are  not  yet  in  existence. 
The  miner  on  a  claim  which  is  j>roducing  only  a  fair  living  has  no 
time  and  little  uioney  to  spend  in  combination  with  other  miners  in 
working  on  roads.  It  is  imperative  for  him  to  get  as  much  gold  out 
of  the  ground  as  possible  during  the  short  st^ason  at  his  command, 
and  the  work  accomplished  on  the  roads  is  generally  of  the  intermit- 
tent, temporary  character  which  the  demands  of  the  moment  necessi- 
tate.    Work  was  Ijeing  done,  however,  on  the  worst  places  along  the 
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iTwks,  and  by  anotiicr  *i«'iiM>ii  tlii>  cnniiilinTi-;  in  tliis  n-siii-ri  will  |.nili- 
ubly  lit>  improved. 

Mining  opin'atioiis  wliich  men  liesitatod  to  undertake  during  llw 
winter  of  U103— 1.  on  H«;i>iuit  of  laelt  of  supplipH,  were  frequently 
postponed  ihirinfj;  the  lust  sieason  to  the  winter  of  IJHM-^i  on  acL-oniit 
of  tilt-  litid  roads  tuid  consequent,  high  fi-eight  niles.  The  rates,  how- 
ever, weri'.  i-ediii^tl  somewhat  until  during  the  Uler  part  of  the  iseason 
the  e'unuuer  rntcs  varied  from  10  to  ^ti  cents  a  pound  from  FatrliaQka 
to  the  diffei-ent  creeltR  The  winter  rates  are  about  one-quarter  the 
Runiiuor  rat^-s. 

It  was  reported  that  nnit«ri»l  for  »  railniad.  to  be  built  either 
from  Chenii  or  l'*iiirl«inlfs,  was  shippt'd  in  li_y  one  of  the  lust  boats 
fniMi  l)ii"Min.  A  road  adapted  to  (lie  (■ori(litiou>  eould  apjuireutly 
U'  hiiih.  qnirldy  mid  would  prov<>  of  uiuch  benefit. 

\  [eli']iliont'  line  wiiH  in  prnress  of  instHllalion  Miid  was  i-eport^^d  to 
be  in  operation  boforu  the  (.'ud  of  the  season.  The  work  in  connec- 
tion with  this  pmjeet  had  bin-n  done  in  a  very  .■Jibstantial  manner. 
The  line  was  well  etean-d  of  brush  and  timber,  the  pole.s  were  solid, 
mid  well  placed,  and  when  tile  district  was  visited  the  wires  werfl' 

lH-i,lg   Sl,-„„S.  • 

The  re.sult>  attained  in  the  Fairbanlcs  district  have  Btimulatad 
^^B^^H^  tiiroughout  the  Vukon-Tauann  n>gion.  (iold  has  been 
m^^HP^idely  scattered  localities,  but  not  neces.sarily  in  quanlilieit 
of  economic  importance.  Work  wa.s  in  progress  above  Fairbanks  on 
tributaries  of  the  Tanana  from  both  sides  and  in  the  foothills  of  the 
southern  side  of  the  Tanana  Valley  4(1  to  50  miles  south  of  Fairbanks, 
A  stampede  was  under  way  to  the  southern  limit  of  the  Yukon 
Flats,  where  prosjiects  had  been  found  on  a  ti-ibutary  of  Heaver 
Creek;  coarse  gold  had  been  found  on  Ester  Ci"eek,  a- small  tribu- 
tary of  the  Chena  River,  alwut  i  miles  from  Chena.  and  a  small  out- 
put was  reported  from  this  creek,  but  prwiuetion  has  l»een  confined 
thus  far  mainly  to  the  same  creeks — Pedro,  Cle:try,  and  Fairbanks — 
which  were  producing  gold  in  1903.  The  following  description  of 
these  creeks  includes  only  the  most  general  geographic  and  g.-ologie 
facts  and  is  concerned  chiefly  with  the  economic  development. 


GEOGRAPHIC   SKETCH. 

Pedro  Creek. — Pedro  Creek  is  formed  by  the  union  of  small  trib:i- 
taries  sunk  deeply  within  the  inclosing  ridges.  The  nmin  creek  has 
a  southwesterly  course,  and  Gold  Stream,  its  continuation,  flows  in 
the  same  direction  for  several  miles,  then  bends  toward  the  west  and 
several  mile**  farther  joins  the  Chatanika.  The  distance  from  its 
sources  to  Gilmore  Creek,  the  most  important  tributary  from  the  east, 
is  alK>ut  R  miles,  and  the  name  Pedro  is  confined  to  this  upper  por- 
tion.    The  valley  of  the  main  creek  is  open  and  has  a  depth  of  about 
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1,000  feet  below  the  ridges  which  bound  it  iinsymmetrically  on  either 
side.  The  ridge  to  tlie  southeast  is  alK)ut  '2,000  feet  above  sea  level, 
with  short  spui-s  wliich  descend  ratlier  abruptly  from  it  to  the  creek. 
The  ridge  to  the  northwest  is  alK)ut  ii  miles  back  from  the  creek;  it 
separates  the  drainage  of  the  Pedro  from  that  of  other  tributaries  of 
the  Chatanika  and  culminates  in  Pedro  Dome,  -JJyHi)  feet  high.  Long, 
broad,  timliered  spurs  slojje  gradually  from  this  ridge  toward  the 
creek  and  merge  snHM)thly  into  the  valley  fl(K)r,  which  is  in  places 
developed  to  a  width  of  st^veral  hundred  feet.  The  stream,  which  is 
a  small  one,  carrvin^;  usuallv  almut  200  inches  of  water,  follows  an 
irregidar  course  over  a  willow-covered  surface  and  has  a  fall  of  100 
feet  or  less  to  the  mile.  There  are  si^veral  short  tributaries  from  the 
west  which  enter  the  main  creek  through  narrow  valleys,  V  shaped  in 
cross  section.  Twin  Creek,  the  most  imj)ortant  one,  has  its  rise  in  the 
divide  which  separates  it  from  Fairbanks  C'r(H»k,  and  has  a  length  of 
alK)ut  8  miles. 

A  light  growth  of  spruce,  pojdar,  and  some  birch  suitable  for  fuel 
and  cabin  niaterial  covers  the  slopes,  but  there  is  (mly  an  occasional 
ti'ee  large  enough  for  mining  purpos(»s.  (irass  grows  abundantly 
on  the  upper  portion  of  the  northwest  side  of  the  valley. 

The  wagon  road  to  the  town  of  Fairbanks  le.ives  Pedro  Creek  at 
the  mouth  of  (lilmore  Creek;  another  wagon  road  follows  Gold 
Stream  and  traversi»s  the  lower  countrv  to  Chena,  on  the  Tanana 
River.  alM)ut  U)  miles  from  Pedro  Creek.  There  are  also  wagon  roads 
and  j)ack  trails  to  Fairbanks  and  (Meary  creeks.  There  is  a  road 
house  at  the  mouth  of  (iilmore  Creek,  and  a  j)ictures(jue  collection  of 
cabins,  tents,  road  houses,  and  sakM)ns  is  located  at  the  mouth  of  Twin 
Creek.     The  p()])ulation  of  this  place  in  1004  was  about  75. 

Cleartj  Cnrh'. — The  o])posite  side  of  the  ridge  which  lx)unds  Pedro 
Cre(*k  on  the  northwest  is  drained  bv  several  small  tributaries  of  the 
Chatanika.  The  sources  of  f»ne  of  these,  Cleary  <Veek,  are  nearly 
oj)l)Osite  those*  of  Pedro  Creek.  Cleary  Creek  is  al)out  8  miles  long; 
for  almut  »^  miles  it  flows  northeast,  then  Ixmds  gradually  to  the  west 
and  flows  in  a  direction  nearly  at  right  angles  to  its  former  course,  a 
distance  of  about  5  miles,  to  the  Chatanika.  The  creek  is  a  small  one, 
carrying  ordinarily  from  100  to  200  inches  of  water;  the  quantity 
mav  varv,  however,  under  extreme  conditions  from  less  than  50  to 
over  400  inches.  There  is  a  fall  of  about  100  feet  to  the  mile  in  the 
up])er  portion  of  the  valley.  The  valley  at  the  head  is  rather  openly 
V  shaped:  lower  down  theiv  i^  a  graduallv  sloping  l)ench  several 
hunilred  feet  wide  between  the  stream  and  the  foot  of  the  ridge  on  the 
west;  below  the  Ixnid  the  vallev  attains  a  width  of  1,000  feet  or  more 
before  it  merges  into  that  of  tli(»  Chatanika.  The  stream  alx)ve  the 
l)end  flows  close  to  the  east  side  of  the  valley;  l)elow  the  bend  it  keeps 
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along  the  base  of  the  ridge,  which  here  bounds  the  valley  to  the  south. 
The  tributaries  are  small  and  all  enter  the  stream  from  the  east; 
Chatham  and  Wolf  ereeks  ai-e  the  most  import^uit.  C/hatham  Creek 
ent4^rs  the  main  stream  about  two  miles  bt»low  the  source;  it  is  a  mile 
long  and  is  formed  by  two  small  streams,  whose  short,  steep  gulches 
are  in  the  opposite  side  of  the  divide  to  that  drained  by  Twin  and 
Fairbanks  creeks.  The  creek  is  straight  and  flows  over  a  willow-cov- 
ered flat  about  300  feet  wide.  Wolf  Creek  heads  in  the  same  divide 
and  enters  Cleary  Creek  about  a  mile  l)elow  the  mouth  of  Chatham 
Creek.  It  is  formed  by  the  union  of  two  small,  short  ereeks,  which 
drain  an  amphitheatral  area  in  the  divide,  is  about  li  miles  long,  and 
flows  in  a  northw^esterly  direction  through  an  open  valley  to  Cleary 
Creek.  The  valley  is  limited  on  the  south  by  the  steep-sided  spur 
which  separates  Wolf  Creek  from  Chatham  Creek  and  on  the  north 
by  a  slope  which  rises  gradually  to  the  ridge  north  of  Cleary  Creek. 

The  slopes  and  portions  of  the  valley  of  Cleary  Creek  are  covered 
with  a  light  growth  of  small  spruce  and  some  birch  and  poplar.  In 
the  valley  of  the  Chatanika  timber  is  more  abundant  and  larger  than 
in  Cleary  Creek  Valley.  There  is  fairly  good  feed  for  stock  high  up 
on  the  sides  of  the  ridges  which  face  toward  the  south  and  east,  and 
on  one  of  these  slopes  ground  was  being  cleared  for  early  vegetables. 

The  distance  from  Twin  Creek,  on  Pedro  Creek,  to  the  niouth  of 
Chatham  Creek  is  nearly  5  miles.  A  pack  trail  leaves  Twin  Creek 
nhont  a  mile  above  the  mouth,  clinil)s  steeply  to  the  ridge,  and  follows 
it  to  the  descent  along  a  sj)ur  to  the  mouth  of  (^hatlinni  Creek.  A 
wn<rou  road  more  ixenerallv  used  follows  a  more  eirciiitous  course 
from  the  mouth  of  Twin  Creek  alouir  the  ridge  on  the  cast  side  of 
Twin.  Creek  and  reaches  Clearv  Creek,  also  al  the  mouth  of  Chatham 
Oeek. 

I'here  were  onlv  a  few  tents  and  cabins  to  indicate  the  presence  of 

the  miner  in  the  fall  of  1J)()8.     The  dull  tundra  colors  of  the  Clearv 

\^illev  were  relieved  onlv  by  the  frost-tinted   yellow   leaves  of  th(» 
..  .       «  • 

willows  which  line  so  characteristically  the  courses  of  all  the  streams, 
but  in  August,  1004,  tents  and  cabins,  thickly  grouped  where  there 
was  most  activity,  were  strewn  for  several  miles  alouir  the  valley,  and 

,.7  J  « 

indicated  in  a  most  graj)hic  way  the  progress  of  the  year. 

FairJHinh'H  Creek. — Fairbanks  Creek,  which  is  about  10  miles  long, 
heads  in  the  divide  opposite  Twin,  Chatham,  and  A\'olf  rn»cks,  and 
flows  in  an  easterly  direction  through  an  unsymnietrical  valley  to 
Fish  Creek.  It  is  small,  carrying  about  'JOO  inches  of  water  and  has 
a  fall  of  about  1,200  feet  from  soui'ce  to  mouth.  The  stream  Mat  is 
narrow  aiul  is  bounded  on  the  south  by  a  stccj)  slo[)c.  broken  by  a  few 
short  narrow  gulches,  and  on  the  north  by  broa^l,  I'ouiidcd  spui's, 
which  desc(»n(l  <rradually  to  the  cre(»k  fi-oui  the  ridirc  -  miles  to  the 
north.     There  are  several  small  tributaric    from  this  side  which  How 
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in  rather  open  valleys  about  a  mile  apart;  the  most  import^int  ones 
are  Mcwse.  (^rane.  Alder,  Walnut,  and  Deep  creeks.  The  vsdlc»y 
widens  toward  the  mouth  and  mer/a^es  into  the  extensive  flat  of  the 
Fish  CriH»k  Vallev. 

As  in  the  other  valleys,  the  slopes  in  the  vicinity  of  the  stream  are 
covered  with  small  spruce,  while  hi<rher  up  there  is  considerable 
I>oplar  and  birch.  The  nuiin  divides  are  comi)aratively  bare.  Tim- 
ber for  mining  purposes  has  been  obtained  from  the  valley  of  Little 
Chena  River  at  the  mouth  of  Fish  Creek,  but  the  quantity  is  insuffi- 
cient for  extensive  use.  (irass  is  not  abundant  in  the  Fairbanks 
Valley.  An  extensive  settlement  has  developed  along  the  (T(*ek  within  • 
the  last  year. 

The  distance  from  the  lower  part  of  Fairbanks  Creek  to  Fairbanks 
is  about  25  miles.  A  wagon  road  has  been  built  around  the  head  of 
the  creek,  connecting  with  other  roads  to  Cleary  and  Pedro  creeks. 

0E()IX)GIC    SKETCH. 

The  principal  bed  rock  of  the  region  drained  by  Pedro,  Cleary, 
and  Fairbanks  creeks  and  their  tributaries  .is  the  quartzite-schist  of 
the  Birch  C^-eck  formation.  This  varies  from  a  s^^histose  quartzite  to 
a  quartz-mica -schist,  and  ccmtains  numerous  small  quartz  seams, 
which  attain  a  thickness  of  a  foot  or  more.  Thin  beds  of  impiire 
limestone  are  rarelv  interbedded  with  the  schists.  The  structure  is 
complex,  like  that  of  the  closely  folded  areas  farther  north;  the 
strikes  are  variable  and  the  apparent  dips  generally  low\  Gneiss 
Avith  a  well-defined  ''  augen  '•  structure  occurs  locally  in  close  asso- 
ciation with  the  schist.  Hornblende-schist  was  observed  at  the  head 
of  (lilmore  and  Cleary  creeks  and  a  massive  rock  composed  essen- 
tially of  liornblende  and  garnet  occurs  in  the  ridge  on  the  south 
side  of  Cleary  Creek  below  the  bend  in  association  with  schist  and 
limestone. 

A  poiphyritic  granite  forms  the  Ix^d  rock  of  some  of  the  claims  on 
Twin  (^reek.  and  a  considerable  area  of  a  similar  rock  occurs  along 
the  ridge  southeast  of  (Jilmore  Creek.  A  medium-grained  granite 
forms  the  sununit  of  Pedro  Dome,  and  a  finer-gi*ained  variety  occurs 
at  the  head  of  Chatham  Creek. 

The  schists  occur  all  along  the  trail  to  the  creeks  of  the  Birch 
Creek  region,  and  witli  garnetiferous  schists,  gneisses,  and  intrusiv(» 
granites  foini  nuuh  of  the  country  rock  to  the  east  of  the  Fair- 
banks region  drained  by  the  Chena,  Salcha,  and  (Joodpaster  rivers. 

Gold  has  been  found  in  (juantities  of  economic  importance  in  the 
schists  of  the  Fortymile,  Birch  Creek,  and  Fairbaidcs  regions,  and 
wherever  these  schists  occur  they  deserve  the  attention  of  the  ])ros- 
pector.     Surface   i)rospects  were   found   by   the  Geological   Survey 
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party  (liirilig  tUe  summer  of  IB04  on  streams  whicb  showed  no  fv'u 
lifiiivti  at  having  bwii  jii-ospectctl  or  pven  st«kud,  and  tlu-  field  fur*i 
the  prowjx'ctor  to  tlii'  east  of  tlie  FHirbiinks  region  is  still  a  large  oiui, 
TIic  study  of  the  oldei"  caiiips  emphtiriizes  nnother  important  fact  I 
which  iiiitst  U^  Iforne  in  mind,  and  that  is  llint  wen  in  a  small  antft 
where  Ihe  gi'iihijric  ponditionH  nri'  apparently  the  same,  the  oct-ur- 
renee  of  gold  in  siitlicieril  (|imntity  to  pay  for  working  may  Iw  limitMi 
to  but  a  few  I'recks,  and  while  there  is  always  the  |}ossibility  of  findr^ 
ing  workable  depohils  in  the  schisiM  of  ilie  Ynkon-Tanana  region,. 
lUi'lV.  is  no  rens<m  for  ex[«'cliiig  ii  iinifonn  dij^tribution  nf  such 
deposits. 

On  thff  trail  to  Rnmpai-t  the  schisls  were  nol  obsirveil  iifl«r  leaTing 
the  ridge  which  extends  along  the  northwest  side  of  ('hatHuika  River. 
The  eonntry  to  the  northwest  is  geologically  iind  topogrHphicallj  of 
a  differ«nt  eharaeter  and  more  closely  ivlateil  to  the  Rampart  regioit 
than  to  that  already  descrilx'd.  The  change  is  indicated  by  tin- 
jagged  limestone  ridge  known  as  the  "  White  Mountains."  which 
extends  in  a  northeast -southwest  diivction  about  ITi  miles  northwest 
of  Cbatanika  River. 

ECONOMIC  nF.\T:lXll'MENT, 

The  present  valleys  hai^e  been  formed  by  the  physical  and  chemicttL 
work  "f  the  streiims  aided  by  the  weiilhering  of  Ihe  roeks.  Most 
of  the  resultant  waste  material  has  long  since  been  removed,  but 
mantling  the  l)ed  rock  of  the  valleys  are  unconsolidated  deposits  com- 
posed of  i-ock  fragments,  of  materials  derived  from  ro<'k  decomposi- 
tion and  of  resistant  minerals  originally  diss<-ni inated  in  small  quan- 
tities through  the  rocks.  Thes<!  deposits,  accumulated  and  arranged 
largelj'  through  the  agency  of  water,  roughly  lepi-esent  the  concen- 
trates from  large  masses  of  country  rock  anil  within  themselves  have 
undergone  a  further  concentration,  until  the  heavier  constituents  lie 
on  the  bed  rock  or  even  within  it  to  a  depth  of  several  feet  along 
the  cracks  and  crevices.  The  pn^sen™  of  considerable  gold  in 
these  deposits  has  made  them  of  much  economic  interest  and  a 
knowledge  of  their  character,  arrangement,  and  distribution  becomes 
important  with  reference  to  the  extraction  of  the  gold. 

There  are  several  characters  common  (o  the  stri'iim  de[)osits  of  all 
the  creeks;  the  grade  of  the  l»ed  rock  <»n  which  they  lie  is  gradual; 
the  grade  of  their  surface  is  alxtut  100  feet  to  the  mile;  they  are 
mostly  deep  and  in  most  localities  frozen  throughout  the  year;  a 
section  shows  generally  a  layer  of  muck  underlain  by  barren,  and  by 
gold-bearing,  gravels;  the  gravels  are  compoH'd  of  about  the  same 
kinds  of  rock,  have  undergone  about  the  same  amount  of  wear,  are  of 
the  same  degree  of  coarseness,  and  are  similarly  arranged.  The 
thickness  of  the  different   layers  varies  widely  and  the  maximum 
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total  depth  to  IhhI  rock  so  far  as  (lotoriniiuHl  l)v  prosixx't  holes  is  over 
80  feet. 

Pedro  (^ret'k, — The  deptli  to  bed  rock  has  Ikh^u  found  to  vary  from 
^  to  80  feet,  and  the  deposits  show  generally  the  threefold  division 
into  niuck,  barren  «i:ravels,  and  pay  dirt.  The  muck  varies  in  thick- 
ness from  a  few  inches  to  over  20  feet,  is  made  up  of  decomposiul  vege- 
table matter  with  a  considerable  proportion  of  sand  and  clay,  and  is 
matted  together  and  interhiced  with  roots.  InterlKnlded  with  it  are 
occasional  thin  lenticular  beds  of  sand  and  fine  "  chicken  feed " 
gravel.  The  gravels  underlying  the  nnick  vary  from  1  to  20  feet  in 
thickness,  but  the  average  thickness  in  most  localities  is  about  10 
feet.  They  are  c()m[)()sed  chiefly  of  quartzite-schist  and  mica-schist, 
with  some  granite,  gneiss,  and  vein  quartz.  The  pieces  are  rather 
angular,  mostly  under  a  foot  in  diameter,  and  there  are  few  bowlders. 
Much  fine  material  of  the  same  nature  is  jnixed  with  the  coarser  frag- 
ments and  generally  the  gi*avels  near  l)ed  rock  are  characterized  by 
the  presence  of  a  yellow,  sticky,  micaceous  clay,  containing  minut« 
fragments  of  schist  and  (]uartz.  The  lower  gravels  are  thus  often 
rather  sharj)ly  deuiarcated  from  those  above  them,  and  the  fact  that 
the  occurrence  of  gold  is  limited  to  this  portion  of  the  gravels  has  led 
to  their  designation  as  the  '"  pay  dirt."  The  arrangement  of  the 
gravels,  although  often  irregular,  is  due  essentially  to  stream  action. 

The  gravels  contaiiiing  the  gold  vary  in  thickness  from  1  to  A  feet, 
and  gohl  is  also  found  in  the  l)ed  rock  to  a  depth  of  from  1  to  5  feet. 
The  width  over  which  the  ground  has  been  found  to  contain  sufficient 
gold  for  working  varies  from  40  to  over  200  feet,  and  in  several  cases 
is  over  100  feet.  The  values  of  the  pay  dirt  vary  up  to  25  cents  to 
the  pan,  and  much  of  the  ground  which  has  been  worked  has  j)robably 
averaged  about  $1.50  to  the  square  foot  of  bed  rock. 

The  gold  occurs  generally  as  small,  flat  pieces.  No  large  nuggets 
have  been  found,  but  several  were  seen  ranging  in  value  from  $(>  to 
$14;  a  $10  piece  is  perhaps  the  largest  that  has  yet  been  found. 
Black  sand,  garnets,  rutile,  and  iron  pyrites  are  the  jnost  connnon 
associates. 

In  the  summer  of  1002  gold  was  discovered  on  Pedro  Creek,  about 
one-half  mile  Ixdow  the  mouth  of  Twin  Creek,  at  a  depth  of  about 
14  feet  in  sufficient  quantity  to  yield  20  cents  to  the  pan.  The  work 
of  j)rospecting  si)read  rapidly  up  and  down  the  creek  and  along 
thjB  tributaries.  In  the  fall  ui  1003  claims  were  being  worked  on 
Twin  Creek,  on  Pedro  Creek  from  Twin  Creek  to  Oilmore  Creek,  and 
below  on  Gold  Stream.  In  1904  developments  were  confined  mostly  to 
the  main  creek  between  Twin  and  Gilmore  creeks,  a  distance  of  about 
3  miles.  No  further  w  ork  has  been  done  on  Twin  Creek  except  near 
the  mouth.  Some  work  has  been  done  on  Gold  Stream,  but  no' exten- 
sive development  has  yet  be^n  undertaken. 
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Claims  are  ill  most  cases  staked  lengthwise  of  the  creek  and  include 
20  acres.  The^'^  are  worked  by  open  cuts  and  by  drifting  with  steam 
points. 

The  ground  at  the  mouth  of  Twin  has  a  depth  of  about  12  feet.  In 
1908  a  cut  300  feet  long  and  18  feet  wide  had  been  worked  out,  and  in 
1904  the  work  was  continued.     The  open-cut  method  was  used. 

The  depth  to  l>ed  rock  on  claim  No.  2  above  Discovery  on  Pedro 
Creek  is  14  to  IG  feet.  Eight  prospect  holes  were  sunk  to  bed  rock 
during  the  winter  of  1902-3  by  thawing  with  wood  fires,  4  holes  being 
worked  at  a  time,  and  sunk  at  the  rate  of  1  foot  per  day.  Ground 
sluicing  was  commenced  in  June,  1903,  and  about  4  feet  of  ground  was 
sluiced  off.  A  bed-rock  drain  800  feet  long,  1  foot  in  diameter,  and  16 
feet  below  the  surface  was  constructed  at  a  cost  of  about  $1  per  foot. 
Shoveling  in  commenced  about  July  20,  when  most  of  the  groimd  had 
become  thawed  to  bed  rock,  and  a  cut  was  worked  120  by  32  feet. 
Two  sets  of  sluice  boxes  were  used,  into  which  the  dirt  was  shoveled 
directly  as  shown  in  PI.  XV,  .4.  The  boxes  were  12  feet  long  and  11 
by  13  inches  in  section,  and  were  set  with  a  grade  of  7^  inches  to  the 
box.  The  gold  was  caught  in  the  4  sluice  boxes  in  the  proportion  of 
10,  4,  2,  and  1.  A  waste  ditch  had  been  constructed,  and  a  ditch  1,200 
feet  long  brought  water  to  the  upper  end  of  the  claim  from  a  small 
tributarv  down  the  creek  on  the  west  side.  An  area  400  bv  80  feet  was 
l)(Mn<i:  stripiK'd  for  work  during  1904.  Tli(»  st!*ii)j)iug  of  the  muck 
<i:ivcs  the  <xr()un(l  an  opportunity  to  thaw  out  rapidly  in  the  spring. 
.V  .*]0-li()rs('pow('r  l)oilci*  was  in  use  in  1904  to  oj)or:ito  a  steam  hoist, 
whicli  raised  tlie  gravel  a  (listancc  of  'M)  feet  to  the  sluice  boxes  in 
iron  ])U('lvets  having  a  caj)acity  of  S  cubic  feet.  By  tliis  method  700 
buckets  a  dav  could  be  handled.  A  mud  box  '20  inches  hi<^h,  50  inches 
wide,  and  20  feet  long  was  used.  Scleral  steam  i)oints  thawed  the 
ground  in  advance  of  the  work  of  excavation,  and  a  small  steam  pump 
was  in  use  to  help  drain  the  cut.  On  claim  No.  1  A"  and  Discovery 
claim  j)reparations  were  being  made  in  19():^>  foi-  future  work  by 
the  construction  of  bed-rock  drains  and  by  sti*ij)j)iiig.  In  1904 
4-horsepower  boih^rs  were  in  use  operating  as  many  as  4  steam  points 
with  a  capacity  of  about  10  to  14  cubic  yards  in  nine  hours.  Similar 
work  was  in  j)rogress  on  No.  4  below.  On  Nos.  5  H''  and  (>  H,  whore 
the  depth  to  bed  rock  is  about  10  feet,  j)rcparations  had  been  made 
in  190f^  to  work  by  open  cut.  A  bed-rock  (h*ain  x^>0  f(»et  long  had 
been  constructed,  but  frozen  gi-ound  had  Ihhmi  encountered  and  the 
work  brought  to  a  temporary  standstill.  In  ll^Ol.  however,  extensive 
work  was  under  way  both  by  open  cut  and  by  drifting  with  [)oints. 
On  Xo.  7  the  depth  to  bed  rock  is  about  24  fec^t.  and  the  nnu^k  is  nearly 
20  f(»ct  thick.  The  .drifting  method  is  employed,  and  with  four 
l)oints  about  I'J  cubic  vards  a  dav  can  be  thawed.   On  Xo.  S  \\  fourhol(»s 
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were  sunk  to  bed  rock  in  March,  1908,  to  depths  of  25,  20.  10,  and  12 
feet  A  bed-rock  drain  740  feet  long  was  constructed  and  about 
2,000  cubic  yards  of  dirt  worked  out  by  ground  sluicing  and  shovel- 
ing in.     In  1904  work  was  continued  here  along  tlie  same  lines. 

The  ground  on  Gold  Stream  is  30  feet  or  more  in  depth.  Work 
was  being  done  on  several  claims.  Pay  is  found  there,  but  the  results 
do  not  seem  to  have  been  sufficiently  attractive  under  present  condi- 
tions to  lead  to  active  development.  It  is  probable  that  as  conditions 
improve  considerable  work  will  be  done  in  this  portion  of  the  valley. 

Wages  were  ostensibly  $10  a  day  during  1904.  The  gold,  how- 
ever, was  often  given  a  higher  value  on  the  creeks  than  at  the  stores, 
where  it  was  accepted  in  trade  at  $16  per  ounce,  and  a  man  would 
often  find  his  wagers  had  less  than  $10  worth  of  purchasing  power. 
T*he  winter  freight  rate  to  Pedro  Creek  averaged  about  2  cents  a 
pound;  the  summer  rate  during  the  latter  part  of  the  season  of  1904 
was  10  cents  a  pound. 

Cleary  Creek, — Insufficient  work  had  been  done  on  Cleary  Creek 
and  its  tributaries  in  1903  to  determine  the  average  depth  or  value  of 
the  ground.  It  was  known  to  be  deep  and,  in  a  few  places,  at  least,  to 
carry  good  values.  Since  that  time  the  depth  to  bed  rock  on  Cleary 
Creek  has  been  found  to  vary  from  14  to  over  80  feet.  Twenty-nine 
holes,  scattered  irregularly  along  the  creek  from  near  the  head  to 
within  2  miles  of  the  mouth  and  laterally  to  a  distance  of  GOO  feet 
from  the  creek,  gave  an  average  deptli  of  over  50  fef;t.  The  material 
consists  of  muck,  barren  gravels,  and  pay  dirt.  Muck  has  been 
found  to  a  depth  of  over  50  feet.  The  gravels,  including  the  pay 
dirt,  have  an  average  thickness  of  about  20  feet,  and,  like  those  of 
Pedro  Creek,  are  composed  mostly  of  rather  angular  fragments  of 
quartzite-schist  and  mica-schist.  A  considerable  proportion  of  mas- 
sive hornblende-garnet  rock  is  found  in  them  below  the  bend.  Bowl- 
ders are  unconiuion,  but  a  few  of  vein  quartz  up  to  5  feet  in  diameter 
are  found.  The  yellow  clay  is  generally  found  in  the  lower  portion  of 
the  gravels,  where  also  is  found  the  pay.  The  thickness  of  the  ])ay 
gravels  varies  froui  1  to  7  feet  and  averages  alwut  3  feet.  Gold  is  also 
found  to  a  depth  of  1]  to  4  feet  in  the  l)ed  rock.  The  width  over 
which  gold  is  found  in  workable  quantities  has  been  determined  in  a 
few  instances  and  is  found  to  varv  from  35  to  150  feet.  The  fact 
seems  to  be  rather  well  established  that  the  pay  streak  is  a  wide  one. 
It  is  located  on  the  low  bench  on  the  west  side  of  the  creek  above  the 
bend  and  below  the  l>end  on  the  opposite  or  north  side  of  the  creek. 

There  are  generally  two  grades  of  gold,  a  flat  variety,  which  occurs 
in  small  pieces  up  to  a  quarter  of  an  inch  or  more  in  diameter  and 
constitutes  the  bulk  of  the  production,  and  a  coarse  variety,  which  is 
generally  rather  well  worn  and  fr(M]uently  has  an  oxidized  surface. 
One  nugget  has  been  found  w^orth  $233.     Valuer  in  the  v^«^Y  ^^^^ 
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rnnge    fltim   2   to  -Aii  tviits  tn   lln-   inm    hikI    (..■.■»>iniiully    niii    iniicil 
higher. 

Black  saiu!.  iron  pyrilvs.  garnet,  riitilc.  nnd  n  nijii<>r)i]  whidi 
provwl,  oil  Ijeiii^  tiwtci!  I>.v  Mr.  Hpss,  to  bn  «ft.ssiloritt'.  the  oxide  of  tjn, 
iiiv  fmimi  asMK-iatwi  with  the  {foUl. 

'I'hi-  (K'pth  to  Ih'iI  ri«-l(  on  ChHtliaiii  Cn«ek  viiriw  from  10  to  tiKirty 
;i()  f<-i'l.  ThiTc  ix  l>iit  a  thin  covmng  of  muck  on  Iht-  gra\T]s,  whic^ 
consist  nidslly  of  aiigiihir  fnifrincnt-"  of  rjnartiiitc-scliist  with  a  st»aU  t 
l)mpor(i«n  of  finc-prained  pranit*-,  which  ontrrojiK  ncitr  tho  liewd  of 
till-  (TtvU.  Thi*  \my  firnvcls  avcrupi-  alKnil  S  fwt  in  tbicknww,  and 
the  vatiicH  do  not  rnnfip  ah  high  as  mi  Clfary  Cii-ek.  Sonu'  good 
pniiiiid  has  Ihtti  work«i.  however,  and  the  ort^'k.  in  proportion  to  itft 
nize,  has  l)wn  a  good  producer  dnring  the  jiast  <)(>ason.  T!)<>  ffold  is 
iinighcr  than  that  on  Clcary  Crwk  and  in  apparently  close  to  ita 
source  in  the  1h«I  rock, 

Tlio  fi^inililiuiis  on  Wolf  rrw'k  nro  similar.  The  depth  to  bed  rock 
near  tlie  head  of  the  creek  is  alwiit  10  feet.  Theiv  is  little  mnck  luid 
iIh-  gravels  are  t-oniiMJscd  of  nngiilar  fragments  of  qnaHzite- schist, 
with  Kome  vein  quartz.  The  gold  is  ^-ery  i-oiigh  and  gritty,  and  the 
iweurrenee  here  is  interesting  in  bearing  on  tlie  origin  of  the  gold 
from  the  qnartsfittf-whist,  whirh  is  the  only  kind  of  rook  observed 
about  the  lu'ad  of  the  ereek. 

Til  1903  several  elnims  were  being  worited  on  Clearv  Creek,  notably 
Diseovery  claim,  and  <m  Chatham  and  Wolf  creeks.  Only  drifting 
methods  had  Ixvn  ns*'d  on  Ch-ary  Creek,  on  accoinit  of  the  great 
depth  to  bed  rock.  Open-cut  work  had  been  done  on  portions  of 
Chatham  and  AVolf  creeks. 

Discovery  claim,  on  Clearv  Creek,  is  located  near  the  liend.  about 
opposite  the  mouth  of  Wolf  Ci'eek.  A  g(Kid  .season's  work  was  done 
here  in  1903.  The  depth  to  ImkI  rock  is  al)out  18  fwt.  A  <>-horse- 
power  boiler  was  used  to  o[>enite  o  steam  points,  whicli  in  ten  hours 
thawed  about  10  cubic  yards  of  dirt,  which  were  hoisted  by  a  hand 
windless  to  a  dump  box  18  feet  long  by  :i  feet  wide,  and  washed 
through  the  sluice  boxes  by  a  stream  of  water  eutei-ing  from  the 
side  of  the  box.  A  scrubbing  brush  was  in  fn-^pient  use  to  wash  the 
sticky  gold -containing  clay  from  the  larger  nn-k  fi-agments.  At 
least  one  sluice  head,  equivalent  to  alxnit  'tO  miner's  inches,  was 
re<inired  to  wasli  the  dirt,  and  at  times  during  the  seawni  of  1003  the 
supply  had  fallen  nhort  of  this  quantity.  Alx>iit  (iOO  cubic  yards  of 
dirt  had  iieen  washed  from  July  to  SeptemlM'r.  lilOiJ.  The  out6t  is 
sliown  in  PI.  XV,  It.  Prospect  holes  were  lieing  snnlv  on  a  few 
claims  Ix'low  Discovery  claim.  Thawing  was  aci-ouiplishcd  by  the 
nse  of  hot  itK-ks.  Almut  three  10-pan  bncketfiils  were  thrown  into 
the  holes  which  were  lieing  sunk,  and  on  cooling  wen-  -.hovcleil  out 
aJoiiff  with  the  tliawed  gi-avel.    Two  fires  a  day  wen-  used,  and  (he 
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rate  of  sinking  was  about  1  foot  to  the  fire.  Only  a  few  holers  had 
been  put  down  above  Discovery  claim. 

Gold  was  discovered  on  Chatham  Creek  in  August,  1902.  The 
depth  to  bed  rock^it  the  mouth  is  only  about  G  feet,  and  an  open  cut 
180  feet  long  by  20  feet  wide  was  worked  out  during  the  season. 
Claims  were  being  prospected  above  the  mouth,  but  had  not  reiiched 
the  producing  stage.  Work  was  lx*ing  done  at  a  few  localities  on 
Wolf  Creek  by  open  cuts,  and  at  the  head  of  the  creek  about  500  cubic 
yards  had  l)een  worked  over.  Most  of  the  ground  here  required  no 
thawing. 

In  1904  Cleary  and  Chatham  creeks  were  developing  rapidly  and 
producing  g(K)d  resuhs.  Cleary  Creek  had  develo]>ed  in  both  direc- 
tions from  Discovery  claim,  and  from  No.  16  A  to  13  B,  a  distance  of 
over  7  miles,  the  creek  and  benches  were  under  careful  investigation. 
The  ground  above  Discovery  claim  for  a  distance  of  2  miles  or  more  is 
deep,  and  most  of  the  claims  are  still  in  the  prospecting  stage  of  devel- 
opment. Most  of  the  work  was  being  done  on  the  low  bench  to  the 
west  of  the  creek  and  in  some  cases  at  points  several  hundred  feet 
back  from  it.  Good  values  have  been  obtained  in  some  portions  of 
this  ground.  Development  was  carried  on  frequently  by  small 
2-horsepower  boilers  operating  2  points.  Most  of  the  production  thus 
far  has  been  confined  to  the  portion  of  the  valley  between  Discovery 
and  No.  4  B,  inclusive.  An  important  feature  is  the  wcurrenc^*  of 
pay  not  only  on  the  creek  but  along  the  bas(»  of  the  hill  400  to  000  feet 
north  of  the  creek. 

On  Discovery  claim  the  work  of  1003  was  continued.  The  power 
had  been  increast^d,  and  a  steam  hoist  with  20-pan  buckets  had  taken 
the  place  of  the  hand  windlass.  A  suction  pump  was  used  to  drain 
the  ground.  On  the  hillside,  opposite  Discovery,  an  8-horsepower 
boiler  operating  5  points  had  U^en  installed.  Two  shafts  had  Ix^en 
sunk  30  feet  to  lied  rock,  and  the  ground  was  being  drifted.  No.  1  B 
had  been  sold  and  preparations  were  Ixnug  made  for  work  under  the 
new  o\Vnership.  On  the  fraction  opposite  the  upper  end  of  No.  1  the 
the  depth  to  IxmI  rock  is  35  feet,  and  pay  had  Ihhmi  struck  250  fe<»t  back 
from  the  creek  bed.  Work  was  InMUg  carried  on  in  two  shafts,  and  0 
points  were  in  use  capable  of  thawing  150  ten-pan  buckets  of  dirt 
every  ten  hours.  About  50  inches  of  water  were  in  use,  and  the  boxes, 
10  in  numl)er,  were  set  with  a  gi'ad(»  of  8  inches  to  the  box  to  wash  the 
clayey  gi'avel.  At  the  upper  end  of  No.  2  B  a  o-horsepower  [)orcupine 
boiler  was  in  use,  operating  4  points.  The  dirt  was  hoisted  20  feet, 
and  200  ten-pan  buckets  were  worked  in  a  shift.  On  the  lower  part 
of  No.  2  B,  with  a  depth  of  40  feet,  a  plant  had  been  installed  capable 
of  handling  100  twenty-four- pan  buckets  in  ten  hours.  On  No.  3  B 
two  holes  40  fc»et  apart  had  lx»en  sunk  38  feet  to  bed  rock,  and  work 
was  carried  on  in  both  at  the  same  time.    There  is  here.  20  fe»t  qI  vcvnsr^ 
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and  18  feet  of  gravel.  No.  4  B  has  been  worked  since  October,  1903. 
and  has  the  reputation  of  being  the  beat  producer  on  the  creek.  The 
ground  consists  of  2  creek  claims  and  2  ]>ench  claims.  The  depth  to 
the  soft  graphitic  schistose  bed  rock  is  30  feet,  and  ihere  are  15  feet  of 
muck  and  15  feet  of  gravel.  A  20-horsepower  boiler,  burning  a  cord 
of  wood  every  twenty-four  hours,  furnished  the  |X)wer  for  the  numer- 
ous points  and  the  hoist.  Two  hundred  38-pan  buckets  were  handled  a 
day ;  they  were  hoisted  30  feet  and  run  on  a  trolley  30  feet  to  the  mud 
box..  The  boxes  were  set  with  a  grade  of  8  to  11  inches  to  12  feet 
Twenty  men  were  employed,  and  wages  for  miners  w^ere  ^5  a  day  and 
board. 

Between  No.  4  and  No.  8  only  preliminary  prospecting  has  been 
done. 

From  No.  8  to  No.  13  work  has  been  done  mostly  from  300  to  500  feet 
to  the  north  of  the  creek.  On  No.  8  the  depth  is  52  feet,  with  about  30 
feet  of  muck.  A  20-horsepower  boiler  was  in  use,  and  from  180  to  190 
13-pan  buckets  could  be  handled  daily.  The  "live  water"  problem 
was  causing  some  difficulty  and  the  use  of  a  pump  was  necessary.  A 
combination  ditch  and  flume  brought  water  to  the  claim  from  Cleary 
Creek.  The  depth  on  No.  9  is  50  feet.  There  is  20  to  28  feet  of  muck 
overlying  the  gravel.  Two  holes  had  been  sunk  and  about  30  feet 
drifted  in  each.  On  the  upper  end  of  No.  10  the  depth  is  60  feet; 
about  20  feet  of  muck  and  40  feet  of  gravel,  10  fe(»t  of  which  is 
^'cliicken  food ''  gravel.  A  l()-li()rsej)()wer  l)()iler  was  in  iiso.  Occa- 
sional thin  layers  of  niiick  in  the  irravel  made  trouble,  as  the  muck 
docs  not  thaw  as  readily  as  the  gravel.  A  ditch  1  mile  long  had 
been  constructed,  at  a  cost  of  $*2,0()0.  On  the  lower  portion  of  No.  10 
three  holes  had  Immmi  >\\uk  in  a  rlirection  ci-oss^\ise  of  the  bench  to 
de|)tJis  of  5(),  57,  and  (*)2  feet.  The  laver  of  nnick  varied  from  17  to 
22  fec»t  in  thickness.  The  <rol(]  here  is  usually  of  the  liner  variety, 
but  a  2-onnce  nugget  had  been  found,  and  it  is  ini])ortant  to  note  the 
occurnMice  of  the  coarse  gold  in  this  lower  wider  portion  of  the  val- 
ley. A  4-horsepower  boiler  and  4  points  were  in  use:  dirt  was  hoisted 
hy  a  hand  windlass,  fitted  with  a  one-toiirili-inrh  wire  {'al)lc,  and  it 
was  possible  to  handle  nciirly  two  hundretl  i)  and  11-pan  l)uckets  a 
day.  On  No.  11  bed  rock  is  70  feet  below  the  surface,  and  ai)out  SO 
feet  had  Ix'en  <lrifted.  There  is  2()  feet  of  uniclc.  Pay  had  been 
located  on  No.  12  about  500  f(M't  north  of  the  creek,  wliere  the  dej)()sil 
is  oviM*  SO  feet  thick,  consisting  of  25  feet  of  nuick,  :»()  feet  of  *'  chicken 
feed''  gravel,  and  the  rest  nnldish  gravel  and  pay  <riavel.  On  the 
u])per  end  of  No.  V]  a  hole  had  been  sunk  SO  feet  to  bed  rnrk.  400  feet 
l)ack  from  the  crcM'k,  and  about  2  miles  fi'oui  Cliatanika  Uiver.  It 
penetrated  Is  feet  of  nnick  and  ()2  fe(»(  of  gravel,  in  whicli  some  gold 
had  been  found.  Tt  seems  probal)le  that  as  the  condition^  of  develop- 
ment become  more  favoral)le,  there  mav  be  con^^ideraMe  liround  in  till:? 
Jifwcr portion  of  the  vaiJey  that  can  be  wov\vev\  wV  v\  \wo^\V. 
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Several  of  the  claims  on  Chatham  Creek  which  were  being  pros- 
pected in  1903  turned  out  well.  Small  boilers  were  in  use  and  the 
shallowness  of  the  deposits  made  the  cost  of  working  considerably 
less  than  on  the  main  creek.  Some  trouble  was  experienced  with 
*^  live  water,"  and  on  one  claim  work  had  been  stopped  on  this 
account. 

The  pay  gravels  in  the  Cleary  Valley  are  generally  at  a  considera- 
ble d(»pth  and  probably  could  not  be  worked  at  a  profit  under  pres- 
ent conditions  for  a  gold  content  of  less  than  5  cents  to  the  pan. 
The  steam-point  method  is  the  one  most  extensively  used  for  thaw- 
ing the  frozen  ground,  and  by  this  means  holes  can  be  rapidly  sunk 
to  bt»d  rock  at  a  rate  of  3  feet  or  more  a  day.  The  construction  of 
ditches  in  the  frozen  muck  has  been  a  difficult  problem.  The  grade 
must  l)e  very  low,  otherwise  the  water  breaks  through  the  frozen 
muck,  and  in  one  instance  was  seen  flowing  at  a  level  15  feet  or  moiv 
l>elow  what  had  been  the  lx)ttom  of  the  ditch.  The  presence  of 
gi'ound  water  has  frequently  caused  difficulty  and  increased  the  cost 
of  production  to  a  considerable  extent  by  the  extra  expense  of 
pumping. 

The  creek  is  about  22  miles  from  the  town  of  Fairbanks,  and  the 
winter  and  summer  freight  rates  are  2^  and  15  cents  a  pound, 
respectively.  Wood  for  fuel  has  been  as  high  as  $10  a  cord,  delivered, 
and  sawed  lumber  $200  a  thousand.  Wages  for  miners  were  being 
reduced  to  $5  and  board. 

Fairhanks  Creek, — The  depth  to  bed  rock  on  Fairbanks  Creek  in- 
creases rather  uniformly  in  a  downstream  direction  from  about  15 
feet  in  the  upper  portion  of  the  area,  where  development  is  in  prog- 
ress, to  00  feet  or  more  about  5  miles  lower  down  the  creek.  The  ma- 
terial on  l)ed  rock  is  similar  to  the  deposits  on  the  other  creeks.  There 
is  an  upper  layer  of  muck,  an  intermediate  zone  of  barren  gravels, 
and,  underlying  them  and  more  or  less  distinctly  marked  by  the 
presence  of  yellow  clay,  the  gi-avels  which  contain  the  gold.  The 
layer  of  muck  is  from  2  to  20  feet  thick  and  often  forms  about  half 
the  deposit  on  bcul  rock.  The  principal  r(K*k  outcropping  in  the  val- 
lev  of  Fairbanks  Creek  is  the  schist,  which  has  furnished  the  mate- 
rial  for  the  gi-eatest  j)art  of  the  gi^avels.  Quartz  seams  are  rather 
common  in  the  schist  and  have  contributed  their  share  of  the 
gravels.  Gneiss  is  associated  with  schist  in  the  ridge  south  of  Fair- 
banks Creek,  forms  the  bed  rock  on  some  of  the  claims  in  the  lower 
portion  of  the  valley,  and  has  furnished  some  material  for  the 
gravels.  The  deposit  of  gravel  occurs  to  a  thickness  of  15  feet  or 
more  and  is  composed  of  rather  angular  pieces,  most  of  which  are 
loss  than  a  foot  in  diameter.  In  the  lower  porticm  of  the  valley 
there  is  some  coarser  material,  but  the  proportion  of  bowlders  is 
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small.  For  over  4  miles  along  the  creek  over  an  area  varying  from  46 
to  250  feet  in  width,  pay  has  been  found  in  gravel  varying  from  18 
inches  to  7  feet  in  thickness.  The  gold  is  similar  to  that  of  the  other 
creeks.  Coarse  pieces  are  found  and  these  are  often  in  association 
with  much  quartz.  One  nugget  has  been  found  worth  $190.  Values 
are  found  ranging  from  5  to  10  cents  to  the  pan  and  occasionally 
much  higher.  The  creek  during  the  past  year  has  been  a  strong 
producer. 

Fairbanks  Creek  was  located  in  October,  1902,  but  development 
work  on  it  proceeded  slowly,  and  as  late  as  September,  1903,  work 
was  still  in  the  prosj^ecting  stage.  At  that  time  from  No.  15  A  to 
No.  1GB  more  or  less  preliminary  work  had  been  done,  most  of  it  in 
sinking  holes  to  bed  rock.  Thawing  was  accomplished  by  wood  fires, 
hot  rocks,  hot  water,  and  steam.  Sometimes  a  combination  of  hot 
rocks  and  hot  water  was  used.  In  the  use  of  wood  fires  or  even  of  hot 
rocks  there  is  frequently  a  too  rapid  thawing  of  the  sides.  In  the 
hot-water  method  20  gallons  were  used  at  a  time,  which  in  2  hours 
would  thaw  about  two-thirds  of  a  cubic  yard  of  dirt.  One  boiler 
was  in  use  on  the  creek,  operating  4  points,  and  two  othei's  were  about 
ready  to  commence  work.  Hand  windlasses  were  used  for  hoisting 
the  dirt.     Veiy  little  sluicing  had  been  done. 

The  creek  prestMited  a  far  different  appearance  in  1904.  Many 
boilers  had  been  brought  in  and  developments  were  active  along 
the  portion  of  the  valley  tVoni  No.  S  A  to  No.  S  B,  a  distance 
of  about  "2  miles.  Tli<»  creeU  had  passed  from  the  j^rospecting 
stage  to  the  producinir  one.  Tin*  ])!-ol)leins  of  extiaction  are  sim- 
ilar to  those  of  Clearv  Cr<'ek  and  Muiilar  nietliods  have  been  intro- 
duced.  On  No.  11  A  the  depth  to  bed  i-ock  is  IT)  f(»et  and  the  deposit 
consists  of  5  feet  of  muck  and  10  feet  of  angular  gi*av(»l.  A  boiler 
operating  8  points  was  in  use  and  tlie  ground  was  kept  free  from 
water  by  pumping.  A  ditch  l,*i()0  feet  long,  :U  feet  wide,  and  ^\  feet 
deep  had  been  dugtocoufine  the  ei*(M»k  so  far  as  ])ossil)le  to  the  middle 
of  the  claim.  On  No.  S  A  thei-e  is  :)\  to  4  feet  of  nnick  and  about  11 
feet  of  gravel.  The  groinid  was  worked  In  means  of  a  5-horse- 
power  boiler  operating  -1  points.  Some  of  the  best  ground  is  said  to 
be  found  along  this  portion  of  the  valley,  and  a  lO-onnce  nugget  has 
been  found  on  this  claim.  On  No.  7  A  there  is  from  2  to  10  feet  of 
muck  and  10  to  lt>  feet  of  gravel.  Th<'  gold  is  fi'iujuently  coarse  and 
a  $190  nugget  has  l)e(»n  found.  There  was  much  activity  here  and  two 
1  r)-horsepower  boilei's  were  furnishing  steam  for  '20  j)oints.  On  No.  G 
A  the  de])th  to  bed  rock  is  19  fe(*t  and  the  material  consists  of  S  feet 
of  nuick  and  9  to  10  feet  of  gravel.  A  plant  was  in  u>e  capable  of 
thawinir  about  14  cubic  vards  of  dirt  in  Wu  hours.  On  No.  '2  U  there 
is  a  thickness  of  "iS  fe(4  of  muck  and  gravel  in  about  ecpial  |)r()por- 
tions.     The  ])lant  c(msistcd  of  a   l:^-horse])ower  boiler,  j)oints,  self- 
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dumping  hoist,  and  a  trolley.  About  250  thirty-pan  buckets  were 
handled  in  ten  hours.  The  gravel  is  diflRcult  to  wash  on  account  of 
the  clay.  Six  lx)xes  were  in  use,  including  the  mud  box.  They  were 
set  with  a  grade  of  10  inches  to  12  feet.  The  mud  box  and  platform 
were  elevated  about  12  feet  above  the  ground.  Pole  riffles  were  used. 
A  dam  had  been  constructed  which  raised  the  water  9  feet  and  a  ditch 
900feet  in  length  brought  water  to  the  ground  which  was  being  worked. 
A  modification  of  the  steam-point  method  was  in  use  on  No.  3  B. 
The  points  were  started  with  water  and  this  was  said  to  greatly 
reduce  the  time  required  in  thawing.  A  pump  was  used  here  to  ele- 
vate about  1  sluice  head  of  water  a  height  of  14  feet.  Much  work  had 
been  done  on  No.  5  B.  The  depth  to  bed  rock  is  86  feet  and  pay  had 
been  located  over  a  width  of  150  feet,  partly  in  the  stream  and  partly 
in  the  bench  gravels.  The  gradually  increasing  width  of  the  valley 
and  depth  of  the  deposit,  which  on  No.  10  B  is  GO  feet,  renders  the 
work  more  exjKJiisive,  and  development  has  proceeded  more  slowly 
in  this  lower  portion  of  the  valley. 

Some  lumber  had  been  obtained  from  the  flat  at  the  mouth  of  Fish 
Creek,  but  the  supply  there  is  limited.  Wood  for  fuel  was  obtained 
from  the  northern  slope  of  the  valley  and  delivered  on  the  gi'ound. 
It  brought  as  high  as  $10  a  cord.  The  distance  from  the  town  of 
Fairbanks  to  Discovery  claim  is  about  25  miles  and  the  freight  rates 
were  about  3  cents  a  pound  during  the  winter  and  20  to  25  cents  a 
pound  during  the  summer. 

SUMMARY. 

As  appeal's  from  the  descr^*'  mis  "^^  e  conditions  are  practically 
the  same  on  Pedro,  Cleary,  and  Fairbanks  creeks.  The  valleys  are 
all  rather  open  and  sunk  to  a  depth  of  about  1,200  feet  below  the 
ridges.  All  are  limited  on  the  one  side  by  a  steep  slope  and  on 
the  other  by  an  indistinct  l)ench  of  considerable,  width,  and  all 
carry  alx)ut  the  same  amount  of  water,  which  in  dry  seasons  will 
probably  be  short  of  the  demand.  The  gi'owth  of  timber  in  all  is 
about  the  same,  and  all  are  dej^endent  on  the  lower  valleys  of  the 
larger  streams  for  sluice-box  lumlx»r.  There  is  some  horse  feed  along 
the  creeks,  and  grass  grows  abundantly  on  the  timbered  ridge  along 
the  trail  from  Pedro  Creek  to  the  tovm  of  Fairbanks,  where,  in  1903, 
it  was  found  in  good  condition  as  late  as  September  11.  There 
is  good  feed  in  poilions  of  the  Tanana  Valley,  and  the  agricultural 
possibilities  of  the  region  are  still  largely  untried. 

The  rock  most  common  on  all  of  the  creeks  and  the  divider 
between  them  is  quartzite-schist  belonging  to  the  Birch  Ci'eek  forma- 
tion; porphyritic  granite  and  gneiss  occur  locally;  a  rock  composed 
essentially  of  hornblende  and  garnet  occui*s  on  the  we^st  side  of  Cleary 
Creek.    The  gravels  on  all  of  the  creeks  are  a\)\>wY^\\lV3   As?c\s^ 
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entirely  hom  the  rodk»  aatoroppiog  in  their  drainage  areasi  and  tibe 
conditioi^  of  tbeir  deposition  by  stream  action  were  practically  tihe 
same.  No  f  ordgn  wasb  was  obe^ved.  The  gold,  too,  is  found  on  all 
of  the  creeks  mider  about  the  same  conditions.  The  pay  grayels  are 
generally  distinguiaiable  from  the  rest  by  the  yellow,  sticky  day 
whidi  they  contain.  The  gold  found  at  the  head  of  Wolf  Credk  is 
very  rou^  imd  can  have  been  carried  but  a  short  distance.  It  is 
believed  the  origin  of  the  geld  on  all  of  the  creeks  is  to  be  found  in 
the  fflnall  quarta  seams  whidb*  occur  generally  in  the  schists;  thafc  it 
has  been  weatJiered  out  from  them^  and  finally  .beocmie  c<moentiaied 
in  the  gravels  where  it  is  at  present  found.  [I 

The  percentage  of  gold  in  the  gravels  and  their  extent  seem  aaffi- 
cieni  to  give  the  camp  a  permanence  like  that  of  the  other  plm^er 
camps  in  the  Tukcm-Tanana  region.  The  depth  of  the  deposit-h«Ei 
made  developDStent  slow  and  expensive,  the  cost  consuming  probtaidy 
on^third  to  .one-half  the  output.  In  this  respect  the  credks  ate 
having  a  history  like  that  of  Chicken  Creek  in  the  Fortymile  regioflf, 
which  during  the  past  two  years  has  produced  about  $200,000.. 

It  is  impossible  for  the  prospector  to  accomplish  much  by  rushing 
hurriedly  through  this  kind  of  a  region.  The  estabUshinent  of  stft- 
ticms  at  different  points  along  the  Tanana  Biver  where  supplies  can 
be  obtained  lu»  v^mA  poa^ble  the  slow,  patient  work  n^Laiy^ 
seeure  results.  Those  who  have  done  well  in  the  Fairbanks  region  are 
mostly  men  who  have  worked  hard  for  several  years  under  the  condi- 
tions of  the  country,  and  the  one  important  point  to  l>e  kept  in  mind 
by  those  who  come  into  the  country  for  the  i)iirpose  of  prospecting 
is  that  gold  requires  much  time,  hard  work,  and  expense  for  its  dis- 
covery and  exploitation. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geoi/)oical  Survey, 
Division  of  Geoi/)oy  and  Paleontoix>gy, 

Washington^  D.  C,  Jum'.  2S.  IfH)^. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
Preliminary  Report  on  the  (ieology  and  Water  Resources  of  Central 
Oregon,  by  Israel  C.  Russell,  and  to  recommend  its  publication  as  a 
bulletin. 

The  report  contains  interesting  and  valuable  information  concern- 
ing a  little-known  region.  The  field  work  on  which  it  is  based  was 
done  under  the  joint  auspices  of  the  western  section  of  hydrology  and 
the  division  of  geology  and  paleontology.  Although  it  contains  a 
large  amount  of  information  concerning  the  water  resources  of  the 
region,  it  is  primarily  a  geologic  report,  and  is  therefore  offered  for 
publication  as  a  bulletin. 

Very  respectfully,  C.  W.  Hayes, 

Geolofjut  in  Charge  of  Geology, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PRELIMINARY  REPORT  ON  THE  GEOLOGY  AND 
WATER  RESOURCES  OF  CENTRAL  OREGON. 


Bv  Israel  C.  IU  shell. 


rNTRODUcrriox. 

ROUTE  OP  RECONNAISSANCE. 

The  observations  recorded  in  this  paper  were  made  during  a  rapid 
reconnaissance  from  east  to  west  through  the  central  part  of  Oregon 
in  the  summer  of  1903,  and  are  in  continuation  of  similar  work  in  the 
same  general  region  previously  done  by  me,  reports  concerning  which 
have  been  published."  The  arrangement  of  the  matter  is  geographic, 
and  the  audience  addrassed  consists  of  the  people  living  in  the  region 
visited.  While  my  main  aim  is  to  indicate  where  artesian  water 
can  l)e  had,  I  have  chosen  to  present  the  observations  made  in  this 
and  other  directions  in  a  popular  form,  with  the  view  of  interesting 
those  for  whom  this  report  is  especially  intended  in  the  geologic 
history  of  the  land  al)out  their  homes. 

With  Messrs.  C.  E.  Wilson  and  H.  C.  Dewev  as  field  assistants,  I 
left  Boise,  Idaho,  on  June  28,  with  the  necessary  camp  equipage,  etc., 
and  traveled  westward,  reaching  Burns,  Oreg.,  on  July  15.  The 
reconnaissance  made  by  me  during  the  previous  summer  (descril>ed 
in  Bulletin  No.  217)  terminated  on  the  west  near  Burns,  and  the  work 
of  the  present  season  practically  began  there.  On  leaving  Burns  the 
route  followed  led  westward  through  the  western  portion  of  Harney 
County,  across  the  southeastern  and  central  portions  of  Crook  County 
by  way  of  Prineville  and  Sisters,  and  thence  southward  through  the 
northwest  portion  of  Klamath  County  to  Fort  Klamath.  From  the 
last-named  place,  in  order  to  reach  a  convenient  locality  for  disband- 


•  RuBsell,  Israel  C,  Geological  reconnaissance  In  southern  Oregon  :  Fourth  Ann.  Uept. 
U.  S.  Geol.  Survey,  1884,  pp.  431-464;  (ieology  and  water  resources  of  the  Snake  River 
I'lalns  of  Idaho :  Bull.  U.  S.  Geol.  Survey  No.  199,  1902,  pp.  1-192 ;  Preliminary  report  on 
ortesian  basins  In  southwestern  Idaho  and  southeastern  Oregon :  Water-Sup.  and  Irr. 
Paper  No.  78,  U.  S.  Geol.  Survey,  1903,  pp.  1-51 ;  Notes  on  the  creology  of  southwestern 
Idaho  and  southeastern  Oregon  :  Bull.  U.  S.  Geol.  Survey  No.  217,  1903,  pp.  1-8.3. 
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iiig  my  party,  llii-  joiinu'y  was  i-oiitiiuicd  wontwanl  arntss  (hi'  Casfftili' 
Moiinlains  to  Mi'flfcird,  in  .Taclcsoii  t^miity,  a  station  on  the  Soiith(?m 
Pacifif  Railroad,  wliich  was  reached  on  September  15. 

Owing  to  the  absence  of  lailromls  in  the  central  portion  of  On-gon, 
lonsidernlile  time  was  tKx-upied  in  traveling  tt)  anil  away  from  llio 
region  eonceming  which  information  was  desired.  During  thew 
parts  of  tho  jonrney  only  observations  of  the  most  genenil  chariictcr 
were  undertaken,  some  of  which,  however,  are  set  forth  in  tlie  follow- 
ing pages,  aa  they  supplement  previous  reports. 

The  ivgion  to  which  attention  is  here  invited  is  indicateil  on  the 
map  forming  PI.  I.  The  portion  of  Oi-egon  i-eferred  to  is  not  only 
new  to  geologists  (so  far  as  I  am  aware,  no  desrriptions  of  its  phyBical 
features,  water  re.sources,  or  geology  are  in  print),  but  has  not  IxH'n 
tojKjgraphicallj  surveyed.  The  only  map  available  for  use  dnring 
my  reconnaissance  was  a  map  of  the  State  of  Oregon,  drawn  to  a 
scale  of  12  miles  to  an  inch,  published  by  the  General  Land  Office  of 
the  Interior  Department,  To  n  large  extent  this  map  is  devoid  of 
data  in  reference  to  even  llie  more  conspicuous  eJements  of  tho  relief 
ijf  the  central  portion  of  Ihe  State, 

The  critic  who  may  pa.ss  judgment  on  the  value  of  this  report 
>:hould  boar  in  mind  that  tlie  observations  recorded  were  made  during 
u  rapid  reeonnaissan™  through  a  geologically  unknown  region,  with- 
out the  assistance  of  a  map  showing  even  the  major  features  of  tho 
topography, 

OeOGRAPHY. 

The  part  of  Oregon  under  consideration  ha.s  been  briefly  indicated 
above,  but  its  location  will  perhaps  be  better  understood  from  a  sum- 
mary account  of  its  relation  to  (he  larger  features  of  the  drainage  of 
the  Pacific  slope  of  the  United  States. 

The  region  examined  includes  the  extreme  northern  part  of  the 
(ireat  Basin  (an  area  of  about  210,000  square  miles  situated  princi- 
imlly  in  Oregon,  Nevada,  (Ttah,  and  southeastern  California,  from' 
which  no  streams  flow  to  the  ocean)  and  a  part  of  the  drainage  area 
of  Deschutes  River  and  of  its  principal  tributary.  Crooked  River, 
which  joins  it  from  the  east.  It  lies  e«,st  of  the  part  of  the  Cascade 
Mountains  included  between  Mounts  Jefferson  and  Thielsen,  and 
north  of  the  extensive  region  in  southern  Oregon  an<]  northern 
Nevada  which  was  notably  deformed  by  faidting  in  late  geologic  time, 
so  as  to  give  origin  to  several  deep  valleys,  now  holding  lakes  of  alka- 
line water,  such  as  Abert,  Summer,  Silver,  and  Christmas  lakes.  The 
jwrtion  of  Oregon  and  Nevada  referred  to  is  unique,  owing  tfl  the  fact 
that  it  is  a  lake  region  in  an  arid  country,  at  a  distance  from  lofty 
mountains. 
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TOPOGRAPHY. 
G£NERc\L   FEATURES. 

The  relief  of  surface  in  central  Oregon  presents  well-marked  con- 
trasts, ranging  from  the  nearly  level,  featureless  surfaces  of  the  desert 
valleys,  where  the  general  elevation  is  about  4,000  feet,  to  the  rugged, 
snow-clad  summits  of  the  Cascade  Mountains,  the  highest  of  which. 
Mount  Jefferson,  reaches  a  height  of  about  10,350  feet.  The  contrast 
between  the  region  extending  150  or  more  miles  east  of  the  Cascade 
Mountains  and  the  great  series  of  ])eaks  and  ridges  bounding  it  on 
the  west  is  so  great  that  the  former  region,  although  actually  rugged, 
seems  by  comparison  monotonous  and  lacking  in  variations  in  relief 
of  surface.  But  for  the  overshadowing  importance  of  the  great 
mountains  on  its  west  border,  however,  the  central  portion  of  the  State 
would  in  general  be  recognized  as  mountainous. 

(iRRAT   SANDY    DESERT. 

The  most  extensive  tract  of  nearly  level  land  is  situated  in  the  geo- 
graphic center  of  the  State  and  is  designated  in  part  on  the  maps  as 
the  Great  Sandy  Desert.  This  region,  termed  "  sandy  "  on  account  of 
the  thick  sheet  of  pumiceous  sjind  and  dust  that  covers  large  portions 
of  it,  extends  from  the  south-central  part  of  Crook  County  southeast- 
ward across  the  northeastern  portion  of  Lake  County  and  far  into 
Harney  County.  Its  length  is  in  the  neighborhood  of  150  miles  and 
its  width  from  30  to  50  miles.  So  nearly  uniform  is  the  surface  that 
one  might  drive  throughout  its  length,  and  even  for  a  much  greater 
distance  than  that  indicated  above,  without  meeting  any  greater 
obstruction  than  the  rigid  sagebrush  and — to  indicate  the  aridity  of 
the  region — without  finding  a  single  watering  place  for  men  or 
animals. 

The  boundaries  of  this  vast,  nearly  smooth  tract  are  indefinite,  as  it 
is  bordered  by  mountains  both  of  volcanic  origin  and  of  upheaval, 
between  which  lie  the  extensive  valleys  that  unite  to  form  the  central 
plain.  On  the  plain  itself  there  are  prominent  elevations,  either 
standing  as  isolated  l)uttes  or  as  groups  of  hills  and  mountains,  which 
are  rendered  especially  conspicuous  because  of  the  general  smoothness 
of  the  surfaces  from  which  they  rise,  as  well  as  by  the  steepness  and, 
in  some  instances,  the  ruggedness  of  their  sides. 

CLASSES   OF   ELEVATIONS. 

The  topographic  elevations  in  central  Oregon  may  be  classed  in  two 
groups — hills  or  mountains  and  plateaus  due  to  upheaval,  and  hills  or 
mountains  produced  by  volcanic  eruptions.  Of  these  two  classes  the 
second  contains  by  far  the  greater  number  of  examples.     Each  of  the 
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l^niups  of  land  forms  referred  t«  bb  sUncliiig  in  ri'Hef  may  agiiiii  be 
divided  into  those  that  have  derived  their  must  runspiciionH  char- 
iicteriHticH  through  the  action  of  tho  fort'w  which  brought  them  into 
oxi^tunce,  and  those  that  hHvi>  been  modified  in  iin  important  way  by 
("roKion.  In  other  words,  there  ure  both  old  imd  yonng  hills  and 
ptateau»  duo  to  uptieava!  and  old  and  young  volcanic  c-oncs.  TbcHS 
iifiitnisl*!  in  ugc  refor  uiuiidy  to  the  degree  of  t«ixigrapliic  develop- 
ment produced  by  erosion,  but  also  indicate  in  a  general  way  the  rela- 
tive date»  at  which  the  various  elevations  in  each  class  csme  into 
existence. 

The  broad  irregular  plateaus  north  of  Bums,  whieb  extend  woBt  to 
near  PrineviJle.  form  an  uplifted  region,  jwrhnps  with  many  minor 
inequalities,  but  in  general  a  broad  upward  iswell  or  anticline  pro- 
dn(%d  by  upheaval.  Its  surface  has  been  ti-enched  by  streanis.  but  in 
general  is  not  minutely  dissected.  About  30  miles  south  of  theew 
plateiius  are  Powell  Butte  and  the  Pauline  Mountains,  and  in  the 
intervening  space  is  a  prominent  ridge  teruie<l  locally  Pine  Mountain. 
Each  of  these  elements  is  a  remnant  of  a  geologically  ancient  upland 
cut  down  by  erosion. 

To  the  east  of  the  trntral  region  rise  Stei,ns  Mountains,  a  prominent 
north  and  south  range  due  to  the  upheaval  and  tilting  of  a  large 
block  of  the  earth's  crust  adjacent  to  a  line  of  deep  earth  fractures — 
that  is.  it  is  a  monoclinal  or  "  block  mountain.''  Similar  tilted' 
KJDcks  form  the  promintvit.  ireiiiTjdly  nurtli-soiitb,  ridges  in  the  vicin- 
ity of  the  alkaline  lakes  to  which  I^ake  County  owes  its  name.  These 
elevations  are  mentioned  because  to  a  great  extent  they  deBne  the 
boundaries  of  the  less  rugged  central  portion  of  Oregon  traversed 
during  the  reconnaissance  which  furnished  the  data  for  this  paper, 
although,  in  most  instances,  no  fresh  informatiim  is  here  presented 
concerning  them. 

In  central  Oi-egon  the  most  common  and  most  conspicuous  ele- 
vations are  due  to  volcanic  eruptions.  In  traveling  west  from  Burns 
to  Sisters  a  few  old  volcanoes  are  met  in  the  first  half  of  the 
journey,  such  as  Placidia  Butte,  the  Glass  Buttes,.and  Plampton 
Butte,  and  farther  west  are  seen  other  ancient  craters  or  much-eroded 
volcanic  peaks  and  numerous  young  volcanoes.  These  young  volca- 
noes are  situated  for  the  most  part  in  the  northern  part  of  Lake 
County  and  the  southwest  part  of  Ci-ook  County.  Their  cones,  so 
recent  in  numerous  instances  that  erosion  has  not  yet  broken  their 
crater  rims,  are  so  numerous  that  50  or  more  can  frequently  Ix'  counted 
in  a  single  view,  while  a  change  of  a  few  miles  in  the  position  of  the 
observer  brings  perhaps  as  many  more  within  the  range  of  vision. 
The  cones  increase  in  abundance  as  the  Cascade  Mountains  are 
approached,  a  fact  significant  of  the  conditions  on  which  the  distribu- 
tion of  volcanoes  depends. 
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The  Cascade  Mountains  border  the  interior  basins  and  valleys  of 
Oregon  on  the  west,  crossing  the  State  from  north  to  south  in  a  con- 
tinuous belt,  which,  south  of  the  Columbia,  is  nowhere  intersected 
by  a  transverse  valley  and  across  which  there  are  no  low  passes, 
though  at  three  localities  wagon  roads  have  been  constructed  which 
furnish  routes  of  travel  between  the  interior  of  Oregon  and  the 
region  west  of  the  mountains.  The  mountains,  so  far  as  known,  are 
composed  entirely  of  elevations  due  to  volcanic  eruptions,  and  con- 
sist of  lava  flows  and  the  fragmental  products  of  volcanoes.  The 
eastern  border  of  the  range  in  the  portion  visited,  although  well  de- 
fined, is  not  abrupt.  In  the  portion  of  the  border  between  the 
Three  Sisters  peaks  and  Mount  Thielsen  the  recent  volcanoes  of 
the  interior  region  extend  westward  and,  becoming  more  and  more 
closely  associated,  merge  with  the  volcanic  cones  which  form  the 
Cascade  Range.  In  general  it  seems  to  be  true  that  the  great  number 
of  volcanoes  forming  the  Cascades  are  situated  along  a  belt  of  frac- 
tures running  north  and  south,  from  which,  at  least  in  the  portion  of 
the  range  between  the  Three  Sisters  and  Mount  Thielsen,  branching 
fractures  trend  away  toward  the  southeast.  Along  both  the  main 
line  of  volcanic  vents  and  the  extensions  from  it  toward  the  south- 
east eruptions  have  occurred  during  a  long  period  of  time,  ranging, 
as  the  evidence  in  hand  indicates,  from  earlv  Tertiarv  to  near  the 
present  day.  In  general  the  older  volcanoes  erupted  andasitic  lavas, 
while  the  more  recent  ones  discharged  basalt,  though  marked  ex- 
ceptions to  this  rule  are  furnished  by  certain  andesitic  volcanoes 
situated  about  Pauline  Lake,  which  are  among  the  most  recent  of 
the  entire  region.  The  most  conspicuous  feature  of  the  eastern  bor- 
der of  the  Cascade  Mountains  is  that  the  range  has  been  built  by 
volcanic  eruptions,  and  only  subordinate  features  of  the  relief  are 
due  to  the  work  of  streams  and  glaciers.  This  eastern  lK)fder  does 
not  give  evidence  of  being  due  to  a  fault  or  series  of  faults,  as  is 
the  case  of  the  corresponding  eastern  margin  of  the  Sierra  Nevada. 
If  a  displacement  of  the  basement  rocks  of  the  range  is  present,  it 
is,  so  far  as  known,  completely  buried  beneath  more  recent  volcanic 
ejecta.  In  no  j)art  of  the  border  of  j:he  range  visited  during  the 
reconnaissance  here  descrilKMl  do  the  rocks  on  which  the  volcanoes 
rest  and  through  which  their  conduits  were  extended  appear  at  the 
surface.  This  same  generalization,  I  understand  from  the  observa- 
tions of  others,  can  1k»  extended  to  the  entire  Cascade  region  in 
Oregon. 

SUMMARY   or   TOPOGRAPHY. 

In  brief,  the  topography  of  central  Oregon  is  characterized  by 
the  boldness  of  its  elevations,  which  are  due  in  a  minor  way  to  the 
presence  of  eminences  left  by  widely  extended  erosion,  but  princi- 
pally  to  constructive   volcanic  activity.     The  valleys  between   the 
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inoiiiitainti,  biitttw,  hills;,  etc.,  are,  in  general,  level  fiooped,  owing  ia 
part  to  the  deposition  of  alluvium  brought  from  the  uplands  by 
streams,  but  mainly  to  tlie  extensive  Invn  flows  and  the  wide  distri- 
Iiiition  of  fragniental  material  blown  out  of  volcanoes  in  the  nm- 
dition  of  gravel  (lupilli)  and  dust.  Sheets  of  ba^lt  whieh  have 
invaded  the  valleys  and  given  them  level  floors,  occur  widely 
throughout  the  central  part  of  the  State,  and  in  many  localities  form 
the  present  surface.  These  lava  siieets  range  in  thickness  from  80 
to  100  feel,  as  an  nveriige  minimum,  up  to  prulmbly  several  hmidred 
feel.  In  certaiii  l<K;alities.  as  along  Deschutes  River,  in  the  vicinity 
of  the  uiuulh  of  Crooked  River,  the  recent  basalt  rests  on  stratified 
lapilli.  the  reveiited  Ihiekuoss  of  which  is  about  800  feet.  The  extent 
and  thickness  of  these  modern  volcanic  products,  both  liquid  and 
fnigniontnl,  have  changed  the  toijography  of  llie  hind,  and,  by  filling 
the  depressions,  have  tended  to  subdue  tlie  relief.  The  valleys,  like 
many  of  the  uplands,  are  constructional  toiwgrnphic  forms. 

Later  than  the  spreading  out  of  the  deposits  just  referred  to  came  a 
heavy  and  widely  distributed  shower  of  pumiceous  fragments,  rang- 
ing in  hize  from  dust  particles  to  masses  of  highly  vesicular  pumice 
^  to  3  feet  in  diameter,  which  still  remains  on  the  plains  and  moun- 
tains and  ranges  in  thickness  up  to  at  least  70  feet.  This  covering 
of  the  hind  lies  on  it  like  a  great  snowfall,  over  an  extent  of  sevferiU  , 
Ihoiisiind  sfpian'  miles,  particularly  to  the  east  of  the  Cascades,  It 
also  extends  over  the  mountains  and  down  their  western  slopes  for  a 
score  or  more  miles.  It  not  only  has  produced  many  changes  in  the 
minor  features  of  the  i-elief.  but  on  account  of  its  exti'eme  jjorosity  is 
one  of  the  leading  factors  controlling  the  agricultural  value  of  the 
country  it  covers, 

DRAINAGE. 

THE   UKEAT   BA8tN. 

The  feature  of  the  surface  drainage  of  central  Oregon  of  greatest 
interest  to  geographers  is  that  the  Great  Basin  there  reaches  its  north- 
ern limit.  The  most  northern  point  on  the  rim  of  the  region  of  inte- 
rior drainage  is  in  eastern  Oregon,  at  the  head  of  Silvies  River,  which 
flows  s<mtheastward  and  empties  into  Malheur  Lake.  To  the  west  of 
the  country  sloping  to  Malheur  and  Harney  lakes  the  (treat  Basin 
divide  pas.ses  westward  through  an  arid  region,  where  the  valleys  are 
broad,  nearly  level  floored,  and  in  large  part  without  stream  chan- 
nels. In  the  portion  of  its  course  between  Glass  Butte  and  I'auline 
Mountain  the  slojie  of  the  surface  is  so  gentle  that  a  careful  survey 
would  be  required  in  order  to  determine  where  the  parting  between 
streams  flowing  south  to  some  one  of  the  neighboring  drainless  basins 
and  those  flowing  north  to  Deschutes  River  and  the  Columbia  would 
be  in  ca^ie  precipitation  should  become  sufficiently  abundant  to  form 
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a  surface  run-off.  From  the  Pauline  Mountains  southwest  to  the  bold 
cliffs  overlooking  East  Lake  on  the  east  and  thence  southwest  to  the 
AValker  Mountains  the  divide  is  well  marked  in  the  relief  of  the  land, 
although  the  deep  surface  layer  of  pumiceous  dust  and  lapilli  in  that 
region  prevents  to  a  great  extent  the  occurrence  of  streams.  South 
of  the  Walker  Range  the  divide  is  irregular,  marking  the  water 
parting  between  the  numerous  streams  flowing  southwest  and  south 
to  Klamath  and  Goose  lakes  and  those  flowing  north  to  Silver  and 
Summer  lakes.  The  boundary  in  the  region  just  referred  to  is 
again  difficult  to  determine,  for  the  reason  that  Goose  Lake,  although 
fresh,  overflows  only  during  high-water  stages.  At  certain  seasons  it 
is  to  be  reckoned  as  occupying  one  of  the  many  component  depre^s- 
sions  of  the  Great  Basin,  and  at  other  seasons  as  a  part  of  the  Sacra- 
mento drainage  system. 

The  portion  of  the  Great  Basin  in  south-central  Oregon  comprises 
the  country  west  of  Harney  and  Malheur  lakes  and  north  of  Warner, 
Abert,  Summer,  and  Silver  lakes,  and  also  about  forty  townships 
northeast  of  the  Glass  Buttes.  It  is  practically  without  surface 
streams,  owing  to  the  small  precipitation,  the  porous  character  of  the 
soil,  and  the  fissured  condition  of  the  underlying  lava  sheets.  The 
characteristics  of  the  country  within  the  northern  portion  of  the 
Great  Basin  and  of  the  region  adjacent  to  it  on  the  northwe>;t  are 
essentially  the  same.  That  is.  the  entire  region  shares  in  the  same 
general  geologic  and  climatic  conditions;  the  valleys  are  occupied 
for  the  most  part  by  basaltic  lava  flows;  the  surface  over  broad 
areas  is  composed  of  loose,  porous  material,  largely  volcanic  dust  and 
lapilli ;   the  rainfall  is  small ;   and  surface  streams  are  generally  absent. 

A  characteristic  feature  of  the  Great  Sandy  Desert  and  of  the 
adjacent  country,  and  closely  related  to  the  present  drainage,  is  the 
presence  of  eroded  valleys  and  canyons  disproportionately  large  in 
reference  to  the  weak  streams  now  occupying  them,  and  what  is  even 
more  conspicuous,  the  presence  in  several  instances  of  stream  channels 
no  longer  occupied  V^y  water.  These  feature^s  are  similar  to  and.  in 
fact,  form  a  part  of  the  characteristics  of  the  Great  Basin  and  of 
much  of  the  country  adjacent  to  it,  particularly  on  the  north,  show- 
ing that  what  is  now  an  arid  country  was  formerly  well  watered. 
This  is  also  shown  by  the  well-known  greater  extent  of  many  of  the 
lakes  of  the  Great  Basin  region  during  a  former  period. 

In  central  Oregon  one  of  the  most  conspicuous  records  of  formerly 
gi^eater  precipitation,  at  such  a  late  geological  period  that  the  country 
had  its  present  relief,  is  furnished  by  an  old  river  channel,  which 
leads  northwest  from  the  vicinity  of  the  Glass  Buttes  and  joins  the 
canyon  through  which  Deschutes  River  flows.  The  length  of  this 
now  streamless  channel  is  about  75  miles.  Its  course  is  in  the  main 
Bull.  2o3— 05  M 2 
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well  dolijipd,  ami  in  corUiii  itHMilitii%  us  a  f«w  niil*s  north  of  Piiiiline 
Mountiiin.  it  is  a  narrow  Htwp-tiided  cnnyon  at  luiist  .100  or  +00  f<«t 
dpep,  cut  in  banalt.  During  winter  st^asona  portions  of  this  channel 
iirt'  omipit'd  by  running  strenms.  and  in  sumnipr  an  (M-casioiial  water  ) 
jjocket  occurs  in  it,  but  the  inhabitants  <if  tlic  region  triiv«Tsod  by  it- 
ilKsort  that  it  h«s  iwykt  been  known  to  i-eceivo  eufHciont  watvr  to 
form  t)  contiiiuouK  ^^trcam.  The  reason  for  the  nbaiidonnient  of  tha 
c.lianni^t  rt-funx^d  U>  doos  not  seem  to  1h!  solely  a  dwrease  in  humidity, 
howevor.  as  tht*  lowfer  portion  of  its  course  is  through  a  region  that 
has  recently  hwu  defiply  covered  with  loos<»  volcanic  dust  and  lapilli 
and  crossed  by  open-textured  lava  flows.  These  tiilditionM  to  the  sur- 
fnw.  which,  as  will  bp  (le-scril»ert  Intt-r,  have  cjiused  coiwpicuons 
ciiiingi-s  in  the  history  of  Deschutes  River,  have  almt  ■■.\cHcd  n  vol 
more  important  influence  on  this  weak  tributary. 


^  In  ccnlnil  Oi-egou,  to  the  north  of  the  Great  liiisin  and  of  the  adju 
cent  region  wlijcli  siopen  toward  Deschutes  River  but  has  no  )>erennial  1 
sH-canis.  is  situated  a  rugged  plateau  drainni  by  Crooked  Rivor.  I 
Tliis  stream,  of  much  imixirluiuv  to  the  eouutry  in  which  it  is  locate^*] 
has  its  source  in  a  number  of  copious  warm  springs  about  10  milM 
easrt  of  Hampton  Biitle.  and  flows  nortli  and  wort  ttirough  steep-sidw 
uinyou^  nil  the  way  tn  its  junction  with  the  DcM-hutes,  n  distance  of 
nlxMit  115  miles.  In  its  npper  jxirtion,  just  after  leaving  the  alkaline 
marsh  in  which  it  rises,  it  receives  copious  contributions  from  springs, 
and  in  its  progi-ess  rapidly  increases  in  vohune.  even  in  late  summer, 
wlien  there  is  no  surface  run-off.  It  is  reported  to  i-eceivw  contribu- 
tions from  other  springs  at  various  localities  ah)ng  its  course  until  it 
nears  Prineviile.  IJelow  that  town  it  diminishes  in  volume,  and  in 
late  snunuer  its  bed  near  Forest,  about  12  miles  Ixdow  Prinerille,  is 
fn^fpiently  dry.  This  marked  decrease  is  now  due  largely  to  the  use 
of  the  water  of  the  stream  for  irrigation  in  the  expanded  jwrtion  of 
its  canyon  l>elow  Prineviile,  but  under  strictly  natural  conditions  it  is 
known  to  have  experienced  conspicuous  seasonal  variations.  Wien 
the  volume  of  the  stream  diminishes  Iielow  Prineviile,  it  exhibits  the 
characteristics  conunon  to  many  streams  that  flow  fi-om  the  uplands 
of  arid  regions  and  sutTer  absorption  and  evaporation  as  they  pass 
throngli  tlu^  lower  j)ortion  of  tlieir  coui-scs  where  springs  are  aljsenl. 
Owing  to  the  al>sence  of  saturation  at  any  but  gri'at  depths,  [xrcola- 
tion  is  away  fnmi  instead  of  toward  the  stream  channels,  and  such 
flow  as  [Mii-sists  iK'comes  te|)id,  more  or  less  alkaline,  and  unwholesome. 
Another  and  still  mon-  rciuiirkable  change  wcurs  lower  down  the 
channel  of  Cnxiked  River,  about  10  miles  northwest  of  Forest, 
where  springs  of  great  volume  apjwar  in  its  bed  and  along  its  sides. 
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One  of  these  springs,  conspicuous  on  account  of  its  large  volume,  is 
known  as  Opal  Spring,  for  the  reason  that  in  the  sands  it  brings  to 
the  surface  are  kernels  and  grains  of  opal,  derived  from  the  basaltic 
rock  through  which  its  supplying  conduit  passes.  Other  springs 
oome  in  near  at  hand,  and  the  river  quickly  becomes  a  rushing  torrent 
of  clear,  cool  water.  The  volume  is  here  about  200  cubic  feet  per  sec- 
ond, practically  all  of  which  comes  from  springs.  This  consi)ic- 
uous  instance  of  copious  springs  rising  in  the  lower  course  of  a  river 
in  an  arid  region  finds  its  explanation  in  the  depth  and  wide  extent 
of  the  loose  volcanic  debris  through  which  the  river  has  cut  its  pres- 
ent canyon,  as  will  be  described  more  fully  in  discussing  the  interest- 
ing geology  of  the  Deschutes  basin  (p.  117). 

DESCHUTES  RIVER. 

The  conspicuously  arid  and  treeless  i)ortion  of  central  Oregon 
merges  on  the  west  into  a  le>«  arid  region  drained  by  Deschutes  River. 
This  fine  stream  of  clear,  cool  water  has  its  main  sources  on  the  east 
slope  of  the  Cascade  Mountains,  between  the  Three  Sisters  peaks  and 
Mount  Thielsen,  flows  northward,  and  joins  the  Columbia  about  15 
miles  above  The  Dalles.  The  country  it  drains  is  forested  and  holds 
several  lakes,  of  which  Davis,  Odell,  and  Cre^^cent  are  the  largest. 
These  lakes  are  exceedingly  l)eautiful  on  account  of  the  clearness  of 
their  waters  and  the  primeval  wildness  of  the  forest-covered  moim- 
tains  about  them.  Owing  to  the  retention  of  tlie  main  tributaries  of 
the  river  in  lakes,  as  well  as  the  sheUer  afforded  the  land  by  its  nearly 
universal  forest  covering,  which  breaks  the  force  of  the  descending 
rain,  its  waters  are  conspicuously  clear.  Another  and  still  more 
important  factor  leading  to  this  same  result  is  the  presence  over  a 
large  part  and,  as  it  seems,  nearly  the  whole  of  the  region  drained  by 
the  head  branches  of  the  river,  of  a  thick  surface  sheet  of  pumiceous 
dust  and  lapilli.  This  mantle  of  porous  debris  acts  as  a  filter,  and 
the  many  copious  springs  iasuing  from  it  are  clear  and  cool. 

The  tributaries  of  the  Deschutes  above  the  mouth  of  Crooked 
River  come  mainly  from  the  west  and  drain  the  east  slope  of  the  Cas- 
cade Mountains.  The  most  marked  exception,  in  reference  to  direction 
of  flow,  is  Pauline  Creek,  which  has  its  source  in  a  lake  of  the  same 
name,  situated  in  the  summit  jwrtion  of  an  old  and  deeply  eroded  vol- 
canic mountain  about  35  miles  east  of  the  crest  of  the  Cascade  Moun- 
tains. The  Walker  Mountains,  also  situated  well  to  the  east  of  the 
Cascades,  send  some  tribute  to  the  Deschutes.  The  streams  just 
referred  to,  like  the  tributaries  of  the  main  river  from  the  west,  flow 
over  a  region  deeply  covered  with  pumice,  and  are  cles,v  and  cold. 

Owing  to  the  efficient  filtering  the  water  of  the  Deschutes  receives, 
and  also  to  the  influence  of  the  several  lakes  discharging  into  it,  which 
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st-rvi!  as  settling  ba-sins,  its  waters  are  conapieiioiisly  clear.  It  is  a 
swift-tlowing  stivnin.  broken  by  many  rapids  and  ca.scAdeH.  where  its 
gr<>enish'blue  waters  arc  churned  iiitu  fuatn,  and  is  a  delight  to  Iliu 
Ik'IuiUIit  cm  account  of  its  beautiful  colors,  refreshing  coolness,  and 
the  frequently  picturesque  and,  in  some  localities,  impressive  sceuwry' 
of  ils  cuuyon  walK  as  well  as  u  blessing  to  the  arid  region,  to  which  it 
brings  its  Hood  of  water  for  irrigation  and  other  purposes.  It  vt 
also  an  attraction  to  the  angler,  as  its  watei-s  are  abundantly  stocked 
with  trout.  Salmon  aticeiid  it»  lower  portion,  but  on  account  of  falls 
do  not  reach  its  upper  course. 

In  addition  to  the  features  just  descriljfd.  the  Deschutes  is  of  esp^ 
ciftl  interest  to  geographers,  as  it  exhibits  certain  )>ecu]ianttiiK  not 
twmmonly  met  with.  Although  flowing  from  high  mountains  on 
which  precipitation  varies  conspicuously  with  seasonal  changes  and 
where  snow  melts  rapidly  as  the  heat  of  sinnnier  increases,  its  volume, 
throughout,  a  large  section  of  its  course,  is  practically  constAUt 
throughout  the  year.  From  the  mouth  of  Crooked  River  upstreiiiii 
to  Benham  Falls,  near  Lava  Butte,  a  distance  of  about  50  miles,  the 
variations  in  the  height  of  the  river  throughout  the  year  is  not  more  l 
than  8.  or  perhaps  10,  inches  where  the  width  is  not  abnormally 
restricted. '  Wooden  bridges  which  cross  the  river  in  tlie  porlioD 
its  course  referred  to  are  placed  only  two  or  three  feet  above  its  surr 
face  during  the  sunuuer  stage,  and  even  the  amnnnl  of  space  thus 
afforded  beneath  tlieii-  floors  is  detcrmine<l  by  the  height  of  tlie 
api)roaches  and  not  by  the  fluctuations  in  the  surface  level  of  the 
water. 

The  reason  for  the  practically  constant  volume  of  the  Deschutes 
between  Benham  Falls  and  the  mouth  of  Crooked  River  is  mainly 
because  it  is  bordered  throughout  a  part  of  it«  course  in  this  section 
by  cellular  lava,  of  recent  date,  into  which  its  watei-s  flow  when  a 
tendency  to  rise  is  experienced.  This  and  other  instructive  features 
of  the  river  will  be  described  later  in  this  report  (p.  117). 

CLIMATE. 


By  rcfei-enc*^  to  the  general  weather  maps  of  the  United  States, 
issued  by  the  Weather  Bureau,"  it  will  be  seen  that  this  portion  of 
c-cntral  Oregon,  lying  in  the  northern  part  of  the  extensive  arid  region 
which  intervenes  between  the  Kocky  Mountains  on  the  east  aiul  the 
Sierra  Nevada  and  the  Cascade  Mountains  on  the  west,  is  credited 
with  a  mean  annual  rainfall  of  Iwtween  10  and  20  inches.  While 
these  figures  express  the  average  of  such  weather  ol)servation8  as 
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were  available  at  the  time  the  maps  referred  to  were  published,  they 
give  a  higher  average  than  now  seems  justifiable.  Records  kept  dur- 
ing the  past  five  years,  although  somewhat  irregularly,  at  Prineville, 
Farewell  Bend,  and  Silver  Lake,  in  the  central  and  southwestern  por- 
tions of  Crc)ok  Coimty,  indicate  that  the  average  yearly  precipitation* 
in  the  valleys  of  that  region  is  about  8  inches. 

That  these  records,  though  meager,  do  not  pertain  to  exception- 
ally dry  conditions  at  the  points  of  obsi»rvation  is  apparent  to  <me 
traveling  through  the  section  of  the  State  where  they  were  made. 
Indeed,  if  there  is  any  exception  to  be  noted,  it  is  in  the  direction  of 
ascribing  even  greater  aridity  to  the  more  sparsely  inhabited  portions 
of  the  county  adjacent.  Although  no  weather  records  are  available 
concerning  the  Great  Sandy  Desert,  the  nature  of  the  vegetation,  and 
especially  the  absence  of  junij>er  trees  over  vast  areas,  as  well  as  the 
lack  of  streams  and  springs,  indicate  that  it  is  more  arid  than  the 
country  about  Prineville,  F'arewell  Bend,  and  Silver  Lake,  where 
junipers  thrive.  This  conchision  needs  to  be  qualified,  however,  by 
the  recognition  of  the  fact  that  Iwth  the  Great  Sandy  Desert  and  the 
region  adjacent  on  tlie  west  are  covered  to  a  depth  of  many  feet,  in 
places  fully  50  feet,  with  a  layer  of  pumiceous  gravel  and  dust,  which 
jiermits  the  quick  descent  of  surface  waters. 

But  even  after  giving  due  consideration  to  the  influence  of  the 
physical  condition  of  the  soil  on  vegetation  it  is  apparent  that  the  con- 
trolling element  of  the  climate  of  central  Oregon  is  aridity.  The 
small  amount  of  annual  precipitation  falls  principally  during  the 
winter  months  and  largely  in  the  form  of  snow.  A  notable  fact  in 
reference  to  the  rainfall  is  the  strong  contrast  between  the  arid 
countrv  at  the  east  base  of  the  Cascade  Moimtains  and  the  well- 
watered  higher  peaks  of  that  range,  which  are  white  witli  snow 
throughout  the  year,  and  which  descend  on  the  west  into  a  decidedly 
humid  region.  Farewell  Bend,  for  example,  with  a  mean  annual 
precipitation  of  about  7  inchas,  situatc^l  on  the  Deschutes  River  near 
Pilot  Butte,  at  an  elevation  of  approximately  3,700  feet,  is  only  about 
20  milas  east  of  the  snow  fields  on  the  neighlM)ring  portion  of  the 
Casc4ide  Mountains,  and  not  over  100  miles  from  the  coast  region 
of  Oregon,  where  the  mean  annual  precij)itation  is  70  or  more  inches. 

TEMl»ERATrKK. 

Owing  to  the  dryness  of  the  air  both  the  daily  and  yearly  range  in 
temperature  is  great.  On  the  broad  desert-like  valleys  in  summer  the 
thermometer,  which  frequently  registers  100°  F.  or  more  in  the  shade 
at  noon,  drops  so  rapidly  in  the  evenings,  owing  to  the  active  radia- 
tion, that  the  nights  are  cold  and  occasionally  marked  by  frost.  In 
winter  the  temperature  frequently  drops  to  zero  or  lower  and  the 
skies  are  prevailingly  cloudy,  though  only  a  few  inches  of  snow  lies 
on  the  ground  for  any  considerable  time. 
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Thfi-e  am  at   Itiast  two  features  of  tlie   weather  uf  west-c(?ntral  I 
Oregon   that   t^hould   repay   unroful    investigation   because   of.  their  I 
Iiearing  on  interesting  cILiiialic  questions  and  on  the  former  distribu- 
tion of  glaciers.     f)iie  is  the  al>senoe,  so  far  as  I  have  been  able  to  1 
leuru,  in  the  vicinity  of  the  Cascade  Mounttiinis  of  what  are  termed  u 
'■  chiiiook  windH,"  which  are  of  the  sam<^  nature  ns  the  foehn  winds  of  ] 
(■(■iitriil  Euroiw.     Theae  winds,  as  is  well  known,  are  warm,  drying  J| 
i-urrent.-i  of  air  which  blow  during  lln'  winter  months  and  cause  a  t 
ra\ntl  melting,  or  rather  evaporation,  of  the  snow,  if  any  Ih?  pre.sent.  il 
The  Incalitit's  when'  Uicse  winds  occur  are  lowlands  or  valleys  on  the  ^ 
leeward  side  of  high  mountains,  across  which  the  air  currents  move.  ' 
The  act-epti'd  explanation  of  the  warmth  and  dryness  of  chinook 
winds  is  that  tlw  air  in  jmssing  iipros.s  a  mountain  range  parts  with 
some  of  its  moi.stur(t,  which   falls  as  snow,  and  on  descending  into 
adjacent  valleys  is  warmed  by  compression  and  in  consequence  of  its.  ' 
inci-easo  in  temiwratnre  has  its  capacity  for  moisture  increased.     It  I 
would  seem  that  the  topographic  conditions  in  west-central  Oregon 
iidjacenl  to  the  east  base  of  the  Cascade  Mountains  are  mostfavor-  | 
aide  fur  the  productiuii  of  such  winds,  but  the  inhahit4)nts  of  the  '. 
i-egion.  many  of  whom  are  familiar  with  the  nature  of  chinook  winds  | 
elsewhere,  reiwtrt  that  they  do  not  occur. 

RELATION    or   CLIMATE   TO    ANCIENT  0LAC1ER8. 

The  second  suggestion  in  referent*  to  the  climate  of  the  region  in 
central  Oregon  to  the  east  of  the  Cascades  is  what  seems  to  be  on 
ahnormally  low  mean  annual  temperature  for  its  geographic  position 
and  its  elevation  above  sea  level.  This  suggestion  is  not  based  on 
accurate  observations  and  would  perhaps  not  be  worthy  of  mention 
if  it  were  not  that  glaciei-s  during  recent  geologic  tim4  (Pleistocene) 
had  a  surprisingly  great  development  in  the  same  section  of  the 
State.  The  existence  of  some  relation  between  the  former  extent  of 
glaciei-s  and  the  present  distributions  of  precipitation  and  of  temper- 
ature has  been  shown.  In  this  instance,  however,  what  is  now  a  oool, 
ari<I  region  was  formerly  occupied  by  extensive  glaciers.  The  study 
of  the  two  phenomena  together  might  residt  in  instructive  conclusions 
in  reference  tu  the  causes  of  glacial  conditions. 


niSTRIUUTION. 

Tn  reference  to  the  distribution  of  trees  over  central  Oregon  and 
the  relation  of  the  spet^ies  of  trees  present  to  climalic  and  soil  condi- 
tions, the  portion  of  the  State  visited  presents  marked  contrasts. 
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The  inagiiifiecnt  fon»st,  principally  of  pines,  firs,  and  cedars,  which 
clothes  the  part  of  Oregon  situated  we^st  of  the  Cascade  Mountains 
extends  eastward  across  that  range,  with  but  little  change  in  its  gen- 
eral characteristics  until  the  valleys  of  the  west-central  part  of  the 
State  are  reached,  in  which  locality  a  decided  change  tegins. 

The  Cascades  are  forest-covered  on  both  their  east  and  their  west 
slopes  up  to  an  elevation  of  about  8,000  feet,  and,  as  comparatively 
few  peaks  rise  above  that  height,  nearly  the  entire  range  is  dark 
with  evergreens,  but  few  bare  cliffs  or  crags  l)eing  visible.  The  few 
great  peaks  that  do  rise  above  the  general  cre^st  line  of  the  range, 
like  Mount  Hood,  Mount  Jefferson,  the  Three  Sisters  peaks,  Bachelor 
Mountain,  Diamond  Peak,  and  Mount  Thielsen,  are  covered  with 
perpetual  snow,  except  where  the  slopes  are  precipitous.  This  forest 
has  been  invaded  by  luml)ermen  to  only  a  slight  extent  and,  barring 
the  destruction  due  to  fires,  nearly  everywhere  recognizable,  still 
retains  its  natural  wildness  and  pristine  l)eauty. 

On  the  east  side  of  the  mountains  the  forest,  while  it  descends  to 
their  base  and  advances  into  the  adjacent  arid  valleys,  exhibits  a 
change  due  to  a  decrease*  in  himiidity.  Firs,  sugar  pines,  and  cedars, 
which  occur  on  the  slop(\s  of  the  range,  do  not  api)ear  in  the  valleys. 
The  yellow  pine,  however,  which^is  the  most  abundant  tree  on  the 
eastern  side  of  the  range,  and  which  has  adaptcnl  itsi»lf  to  a  wide 
range  of  climatic  and  soil  conditions,  forms  an  open  forest  which 
extends  well  into  the  arid  portion  of  central  Oregon,  including  the 
southwest  part  of  Crook  {^ounty  and  the  adjacent  portions  of  Kla- 
math and  Lake  counties,  reaching  nearly  to  Christmas  Lake,  and  cov- 
ering the  Pauline  Mountains,  which  are  situated  50  miles  east  of  the 
crest  of  the  Cascades. 

Beyond  the  fre<iuently  sharply  defined  eastern  limit  of  this  widely 
distributed  species  is  a  still  more  open  growth  of  junij^er  trees, 
which  in  turn  die  out  in  the  valleys  wh^re  the  soil  is  light  and  porous 
and  the  precipitation  meager.  East  of  these  barren  valleys  of  cen- 
tral Crook  County,  junipers,  succe^^ded  on  the  higher  lands  by  yellow 
pines,  again  appear  and  extend  southeastward  across  Lake  County 
and  far  into  Ilarnev  ('ountv. 

The  table-lands  and  low,  broad  mountains  in  the  region  drained 
by  Crooked  River  and  farther  eastward,  reaching  nearly  to  Burns 
and  Harney,  are  clothed  with  a  fine  forest  of  yellow  pine.  The 
forests  on  both  the  west  and  the  nortlieast  loonier  of  the  treeless  cen- 
tral part  of  Oregon  are  not  only  extensive,  but  contain  magnificent, 
well-grown  trees,  which  will  be  of  great  commercial  value  when  rail- 
roads shall  have  beeU  built,  which  will  bring  them  within  reach  of 
markets.  The  luml>er  resources  of  Oregon  to  the  east  of  the  Cascades 
are  immense,  but  owing  largely  to  the  surprisingly  small  extension 
of  railroads  in  that  portion  of  the  State  but  little  seems  to  be  gen- 
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erally  known  tTOiireniinji  its  timber  resourws.     It  i.s  fiirUiiiiit^'  (hut 
these  great  ftiresta  hiive  escaped  the  deinands  of  induHtry  so  lotig, 
as  large  portions  of  them  have  now  lieen  ineluded  in  national  fure^ 
reserves  and  can  be  utilized  under  the  sujiervision  of  skilK'd  foresters,    ' 
su  tliat  their  continuance  is  assui-ed. 

^^  HE  PK  SHE  NCR   Of    FOREHTB  (IX    WATER   Slipl'I.Y. 

H'The  striking  contrastti  ^feen  in  ceiitnil  Oregon  in  the  dtstribtition 
of  treeii  may  be  iuiUentiil  by  destTibiiig  briefly  soniu  ul>sorvAtJnn» 
made  from  a  few  of  the  more  commHtiding  mountains  and  isolated 
buttes  that  weiv  visited. 

One  of  the  most  (conspicuous  hindmarks  in  the  eastern  part  of  this 
tield  is  Piacidin  Butte,  situated  in  Harney  County,  about  8  milefi 
fi-om  its  western  bo\indary,  in  the  midst  of  the  vast  tract  of  arid 
land  thai  extends  westward  from  Plarney  Lake.  Plncidia  Butte 
is  an  old  basaltic  volcano,  tlie  crater  of  which,  if  one  ever  existed, 
has  been  bi-okeu  and  defaced  by  erosion  until  only  a  single  sharp 
summit  i-euiains.  apijearing  as  it  cone  when  oW-rved  at  a  distance 
fi-oni  any  point  of  view.  The  Itiittv  has  an  elevation  of  TOO  to  800 
feet  above  the  neighboring  plain  and  give.s  from  its  to|)  an  unob- 
structed view  over  a  gi'eat  extent  of  country.  On  looking  soni 
eastward  tlie  eye  iiinges  ovt^r  a  basaltic  plain  wlileli  descends  grsd- 
unlly  until,  at  a  distance  of  20  miles,  the  white  salt-incrusted  shur 
of  Little  Silver  Lake  is  seen,  beyond  which  the  bare  siunniits  of 
Iron  Mountain  and  other  und  more  distinct  elevations  south  of 
Harney  Ijake  can  be  disfijiguished.  There  is  not  a  tree  on  the  vast 
stony  plain.  In  fact,  with  the  exception  of  a  few  dwarfed  junipers 
on  adjacent  ridges,  not  a  tree  can  be  distinguished  within  the  tield 
of  view,  although  the  dark  shading  on  the  mountains  to  the  tiortli 
is  due  to  the  presence  of  the  forest  of  yellow  pines  that,  covers  the 
hills  and  table-lands  to  the  northwest  of  Burns.  The  landscape  to 
the  west  is  far  extended,  but  is  also  barren  and  lifeless,  with  here 
and  there  depressions  containing  smalt  ephemeral  water  {Mwkets, 
the  shores  of  which  are  white  with  saline  incrustations.  Far  away, 
at  a  distance  of  about  145  miles,  gleams  the  white  conical  summit  of 
Mount  Jefferson.  To  the  southwest,  shutting  out  from  view  the 
Cascade  Mountains  in  that  direction,  are  Pauline  and  Walker  moun- 
tains, situated  well  within  the  arid  region,  but,  on  atvount  of  their 
height,  dark  with  forests.  To  the  south  many  ruddy  hills  are  in 
sight,  but  they  are  bare  of  all  vegetation  except  the  ever-present 
sagebrush  and  its  usual  associates  on  arid  plains.  Bunch  grass  is 
abundant,  but,  owing  to  the  almost  total  lack  of  water  in  sunmier 
within  a  radius  of  a  score  or  more  miles,  the  pastures  an'  but  little 
utilized. 
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The  general  characteristics  of  the  country,  which  are  conspicuous 
to  an  observer  standing  on  Placidia  Butte,  pertain  also  to  the  region 
in  view  from  the  summit  of  Glass  Buttes,  situated  20  miles  to 
the  west,  and  again  to  that  seen  from  the  top  of  an  old  companion 
volcano,  known  as  Hampton  Butte,  which  rises  from  the  adjacent 
sagebush  valleys  about  15  miles  still  farther  to  the  northwest.  Each 
of  these  prominent  and  deeply  stream -sculptured  mountains  has 
a  height  of  approximately  1,500  feet  above  the  adjacent  plains,  and 
each  bears  groves  of  pines  on  the  shaded  northern  slopes  of  its  steep 
ridges,  but  for  the  most  part  only  sagebrush,  bunch  grass,  and  their 
usual  associates  on  its  other  portions.  While  the  forpsts  of  the  pla- 
teaus and  mountains  to  the  southwest  of  Burns  are  in  sight  from  the 
summit  of  Hampton  and  Glass  buttes,  and  while  dark  areas,  like  the 
shadows  of  clouds,  mark  the  sites  of  open  growth  of  gnarled  and  aged 
junipers  on  the  desert  plain  to  the  we.st  and  south,  the  far-reach- 
ing landscape  everywhere  l)ears  evidence  of  the  dearth  of  water.  The 
Glass  Buttes  rise  boldly  from  a  barren  plain,  and  to  reach  them 
by  the  most  favorable  route  one  must  traverse  at  least  12  miles  of 
nearly  flat  sagebrush -covered  land.  This  statement,  however,  does 
not  convey  an  adequate  idea  of  their  isolation,  as  the  watering  places 
throughout  the  region  are  wide  apart  and  in  most  instances  are  but 
small  openings  in  the  sands  in  which  the  diminished  extremities  of 
brooks  have  sunk  into  the  soil.  The  few  watering  places,  separated 
by  wide  intervals,  in  the  surrounding  country  are  well  known  to  the 
residents  of  the  region,  and  can  readily  be  found  by  the  stranger  by 
following  the  well-beaten  trails,  but  one  might  travel  in  a  straight 
line  almost  in  any  direction  from  the  buttes  for  distances  of  40,  50,  or 
more  miles  without  discovering  a  flowing  stream  or  a  spring.  So  deso- 
late is  the  country  and  so  widely  scattered  are  the  few  places  where 
water  can  Ih>  had  that  even  experienced  "  cowboys  "  in  attempting  to 
traverse  it  have  in  some  instances  Ixicome  lost  during  storms  and 
have  nearly  perished  from  thirst. 

Few  localities  in  the  continental  portion  of  the  United  States  pre- 
sent to  view  a  greater  extent  of  mountains  or  offer  for  study  a  more 
interesting  assemblage  of  topographic  forms  than  may  be  Ix^held 
from  the  summit  of  anv  one  of  the  manv  isolated  volcanic  cones  and 
craters  which  rise  from  the  sagebrush  valleys  and  l)road  desert  plains 
of  central  Oregon.  These  elevations  also  afford  excellent  l(K'alities 
for  observing  the  distributicm  of  trees.  The  dark  forest  mantle 
which  clothes  the  entire  Cascade  Range  with  the  exception  of  its 
higher  spires  and  more  lofty  craters  may  be  seen  descending  their 
eastern  slopes  and  extending  far  out  on  the  lower  and  less  rugged 
country  adjacent  to  their  well-defined  base,  ending  in  an  irregular 
line  in  the  shadeless  valleys.  The  conditions  favoring  or  opposing 
the  growth  of  trees  are  there  delicately  balanced,  and  each  variation 
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ill  llic  imdu'u  of  tlu'  s«iil.  in  dpvation,  or  in  position  in  refoii'inf  to  the 
mountains  finds  cxiiixwsion  in  the  tints  uf  the  vcgi-tiit ion.  Adjiicttiit 
to  the  base  of  thfi  C'ascades  and  within  what  may  l)e  termed  tht*ir 
rain  sliadow,  the  hills  and  rall^ys  aliku  an>  dark  with  forest  tn^ea, 
which  h>ssen  the  ahurpneas  of  the  relief  of  the  hiiul.  Farther  east- 
wni-d  elevation  l»(«ines  the  controlling  factor,  and  only  the  hills  and 
the  isolated  mountains  have  a  forest  rovering^  the  valleys  being 
hroad  expanses  of  nis!«et  lin)wn  and  (jray.  the  eharacteristio  triors  of 
siijrfhrush  lands.  Farther  from  the  great  mountains  only  tiie  sum- 
inits  of  the  higher  elevations  support  trees,  which,  in  such  localUins, 
arc  in  many  iiistantcs  confined  to  the  northern  or  shaded  and  am- 
sequently  less  nriil  slopes  of  j>eaks  and  ridges.  Well  within  the  arid 
region  even  pniTuineiit  hills  aiv  without  vegetiilion  of  hiirher  growth 
thiiii  the  all-enihriicing  sagebrush. 

nRT  AND  IXHJJ  TIMBKR  LINES, 

To  an  oliservi-r.  where  '.lie  desolate  plains  of  (■ent.ral  Oregon  are  in 
view  a!  the  same  time  with  tJie  neur-liy  snow-covered  mountains,  the 
fuel  of  Ilii-re  U'lng  a  "  dry  timber  line  " — a  definite  limit  to  forest 
growth  determined  mainly  by  lack  of  the  requisite  moisture — -is  fully 
as  appiiiviit  as  is  the  exisleiict^'  of  a  "  wild  tiuiIxT  line,"  dependent  on 
the  low  mean  annual  t«m[)erature  and  the  destructive  action  of 
winter  storms,  etc.,  in  tlie  higher  inoiinlains.  The  recognition  of 
these  two  principal  limitations  to  forest  growth  furnishes  convenient 
terms  by  which  to  designate  the  chief  boundaries  of  arboreal  vegeta- 
tion in  such  regions  as  central  Oregon,  where,  the  forests  terminate 
abruptly  both  above  and  below.  On  the  Cascade  Mountains,  in  the 
region  rpferre<l  to,  the  trold  timl)er  line  has  an  elevation  of  about  8,000 
feet,  while  tlie  dry  timljer  line,  marked  by  the  cessation  of  the  yellow 
pine,  may  be  taken  as  approximately  4,000  feet.  The  junii>ers  reach 
lower  and  extend  farther  into  (he  broad  arid  valleys  than  do  the 
pines,  but  even  when  most  abundant  can  scarcely  lie  considered  as 
forming  true  forests.  They  also,  however,  have  a  lower  or  desert- 
ward  limit,  determiiKHl  mainly  by  decn*ase  in  soil  nioistun',  which  is 
in  advance  of  or  below  what  may  justly  be  termed  the  dry  timber 
line," 


i 


•Tbe  tprmg  raid  (Imlier  line,  ilry  limber  Uac  and  nni 
venleDt  uameu  liy  whirli  in  cleHlKHBlu  tlie  tlirec  iniMl 
iir  r»rpHt)i — were  proiHitied  liy  me  In  tlie  Nat,  <:>'ue.  Mafl„T 
Riao  In  RuII.  l'.  S.  Ceol.  Survey  Nu.  inn.  Objei-Uons  ( 
i-eferred  tu.  and  eapeclaUy  tlie  sulMtltutlon  of  eold  Ilmtir] 
timber  line,  hare  been  prenenled  l\v  I>r.  C.  Hart  Merrlam 
yp.  114.  n.'i.  While  It  Is  true,  aa  slated  by  Merrlam 
n-ldely  eiirrent  in  llie  Heniie  Jnnt  tilaled.  yet  other  llmliail 
bre  riilly  ao  FunB|>lriiuim  in  n-rtiiln   reeluna  anil  deiiiniiil 

liie  term  iireTloitxiy  uiuil  lu  denlKnatK  one  of  them.  In  a 


tlier.  the 

net  llmlier  line— con- 

si).  SI.  and  were  uard 

it^nlllon   of  tlie   names 

llDe  for 

1.  liuojt.  MsK.,  vol.  hIt. 

tlint   tl 

■    word    tlml»>r   line   la 

dlHlrlbiitlun  ortnrents 

m-oKnl 

un.     Tlie  aevernl   mu- 

1.. makt! 

ll  dealrulile  to  Mnplo^ 

uenerlr 

nuilter 

H  alHii  lirielly  illiu-iiHeil 

WM8MLL.1   GEOLOGY  AKD  WATER  ItESOtTRCES,  CENTRAL  0»Ea6K.       27 

GEKERAIi  OEOIiOGY. 

The  rocks  of  eastern  and  central  Oregon  lielong  to  two  general 
classes,  volcanic  and  sedimentary,  the  former  being  the  more  abun- 
dant and,  so  far  as  surface  outcrops  are  concerned,  by;  far  the  more 
conspicuous. 

VOLCANIC  ROCKS. 

The  rocks  of  Oregon  which  were  derived  from  volcanoes  are  mainly 
rhyolites,*  andesites,^  and  basalts.*^  In  each  of  these  three  classes, 
as  defined  by  chemical  and  mineralogical  composition,  there  are  two 
conspicuous  subdivisions  based  on  the  physical  condition  of  the 
material  at  the  time  of  its  extrusion  from  the  earth's  interior.  One 
of  these  is  composed  of  fragmental  products  blown  out  by  volcanoes 
during  explosive  eruptions,  such  as  volcanic  dust,  volcanic  gi*avel  or 


*  RhyoUte ;  name  derived  from  a  Greek  word. meaning  to  flow;  given  to  a  certain  group 
of  rocks  which  owe  their  origin  to  the  consolidation  on  cooling,  with  more  or  lesH  complete 
crystallization,  of  certain  of  the  material  discharged  from  volcanoes  in  a  fused  condition. 
Rocks  of  this  group  usually  present  subdued  shades  and  tints  of  red,  brown,  purple,  yel- 
low, gray,  etc.,  and  frequently  have  a  banded  structure  as  If  composed  of  many  thin, 
irregular  layers,  which  show  variations  in  color  and  texture.  The  edges  of  the  layers, 
when  seen  in  section,  usually  appear  as  Irregularly  curved  bands  and  lines,  or  what  is 
termed  "  flow  structure."  The  most  abundant  minerals  present,  and  the  only  ones 
usually  visible  to  the  unaided  eye,  are  quarts  and  the  variety  of  feldspar  having  the 
appearance,  p^  clear  glass,  known  as  sanadlne.  Rhyolite  contains  in  general  about  74  per 
cent  of  aramiifti  and  several  other  oxides  of  the  alkaline  earths,  etc.,  in  smaller  propor- 
tions. As  indicated  by  its  high  per  cent  of  silica,  the  rocks  of  this  class  are  difllcult 
to  fuse,  a  fact  which  has  an  important  bearing  on  the  forms  the  lava  assumes  on  cooling 
and  also  on  the  shattering  of  the  rock  during  eruption  so  as  to  form  fragmental  products. 

Rhyolltlc  tuflT  Is  composed  of  angular  fragments,  grains,  and  dust-like  particles  of  rhyo- 
ntic  lavas  which  were  blo'wn  out  of  volcanoes  during  explosive  eruptions  and  showered 
on  the  adjacent  land  or  water,  so  as  to  form  beds  or  sheets.  The  beds  of  this  material 
are  commonly  more  or  less  consolidated  and  not  Infrequently  sufficiently  compact  to  be 
used  as  building  stone,  although  in  many  instances  they  retain  their  original  Incoherent 
condition  and  are  simply  loose  gravel,  sand,  and  dust.  Their  colors  have  as  wide  a  range 
as  those  of  the  associated  rhyolltlc  lava  sheets,  although  perhaps  in  general  more  decided  ; 
in  sunlight  they  frequently  appear  brilliant.  Both  rhyolite  and  rhyolltlc  tuff  are  com- 
mon in  central  and  eastern  Oregon.     The  latter  is  used  as  a  building  stone  at  Burns. 

^Andesite;  named  from  the  Andes  Mountains;  is  typically  a  compact,  usually  rough 
and  porous  rock,  in  which  crystals  of  feldspar  and  small  scales  of  mica,  hornblende,  etc., 
may  l>e  detected  by  the  unaided  eye.  The  colors  are  usually  some  shade  of  gray,  green, 
or  red.  In  chemical  composition  the  andesites  are  poorer  in  silica  than  the  rhyoIitcM, 
the  percentage  ranging  from  56  to  70,  and  are  also  richer  in  alumina,  the  next  most 
import&nt  constituent,  which  ranges  from  14  to  19  per  cent,  the  remainder  of  the  material 
present  being  for  the  most  part  as  oxides  of  other,  alkaline  earths.  The  rock  is  refractory, 
and  during  explosive  volcanic  eruptions  is  frequently  blown  out  in  fragments. 

«  Basalt ;  name  dating  back  to  the  days  of  the  Romans ;  now  used  to  designate  certain 
common  rocks  of  volcanic  origin,  usually  black  or  greenish  black,  though  frequently  red, 
owing  to  a  higher  state  of  oxidation  of  the  iron  present.  The  rock  seldom  exhibits 
individual  minerals  to  the  unaided  eye,  although  grains  and  kernels  of  bright  green 
olivine  are  not  uncommon.  The  essential  minerals  are  augite,  plagloclnse,  feldspar,  and 
olivine  in  the  normal  variety,  together  with  several  accessory  minerals.  Although 
variable  in  composition,  niiica  usually  forms  about  55  per  cent,  and  alumina,  lime,  mag- 
nesia, and  oxides  of  iron  and  manganese  from  7  to  perhaps  14  or  16  per  cent  each.  On 
account  of  the  easy  fusibility  of  several  of  the  constituent  minerals  the  rock  melts  at  a 
comparatively  low  temperature  and  becomes  highly  liquid.  Basalt  in  the  condition  of 
broken  fragments  is  less  common  than  in  the  case  of  rhyolites  and  andesites,  and  the 
chief  products  of  the  volcanoes  from  which  it  is  extruded  take  the  form  of  lava  flows. 
The  black,  compact,  and  frequently  columnar  rocks  of  central  Oregon  are  mostly 
basaltic. 
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lupilii.  and  the  other  of  lava  flows.  The  fiagmeiiliil  iimleiiiil  was 
discharged  in  a  solid  condition,  niid  the  lava  Sows  in  streams  of 
hiolteii  rock. 

In  general  the  rhyolitcs  and  andesites  of  central  Oregon  are  older 
Uiim  tlu'  hasalts.  Certain  andesites  and  andesitic  tuffs,  howcvfr. 
like  those  de-si-ribed  later  as  occurring  altoiit  Panline  Lake,  aiv  among 
the  young»?Ht  of  the  lavas  nntiwiired  in  the  entin'  rcK'""-  Again,  in 
the  west-central  part  of  the  State  and  including  a  part  at  Uwsl  of  the 
Cascade  Mountains,  there  is,  as  already  nieutioiied,  a  surface  sheet  of 
pumice,  <;oinposed  of  angular  fragments  that  were  showeiisd  on  the 
land  during  the  explosive  eruptions  of  neighboring  volcanoes,  and 
that  now  mantle  the  surface  like  a  blanket.  This  material  is  in  large 
part  a  highly  scoriaceous  or  froth-like  ande^itic  lava,  and  shows  that 
volcanoes  discharging  such  material  wei-e  in  a  state  of  vigorous 
tion  in  west-centrai  Oregon  at  a  n-cent  date, 

■  SEDIMENTARY  FORMATIONS. 

In  )i<ldition  to  the  volcaTiic  rocks  whicli  cover  the  greater  part  of  thft 
surfiic'i-  (if  Oregon  theiv  are  areas  hundreds  of  square  niile.s  in  e.xti'nt 
wiiicli  ari<  occupied  by  soft  and  in  part  nncunsolidated  sedimentary 
Iki!s  of  Te-rtiary  age.  These  beds  consist  of  clays,  sand.s,  volcanic 
dust,  etc.,  are  mostly  light  colored  ami  frecjuently  white,  and  in  general 
are  best  exposed  in  the  valleys  and  in  the  walls  of  canyons.  The  sedi- 
mentary Ik'iIs  iif  Malheur  and  Haniey  couiilies  iinv  in  part  a  <!iivcl 
continuation  of  the  extensive  Payette  formation,  so  admirably  exposed 
along  Snake  lliver  in  southwest  Idaho.  Similar  sediment»ry  lieds 
occur  in  the  southeastern  part  of  Crook  County,  as  at  Logan  Butte, 
near  Price,  and  are  a  part  of  a  widely  distributed  formation  which  is 
well  developed  on  John  Day  River,  from  which  it  has  l)een  named. 

These  Tertiary  sedimentary  formations  are  in  many  places  c^ivennl 
by  sheets  of  basalt,  or  by  layers  of  CTmsolidated  riiyolitic  tuff  which 

'  have  protected  them  from  erosion.  Where  the  resistant,  covering  IkhIh 
have  been  cut  through  by  streams,  canyons  with  rim  rocks  either  of 
basalt  or  of  rhyolitic  tuff  are  a  conspicuous  featurti  in  the  topography. 
The  sedimentary  beds  occur  mostly  in  the  valleys,  for  the  i-eason  that 
when  exposed  without  a  protecting  trover  of  more  resistant  material 
they  are  readily  removed  by  erosion,  and  thus  give  origin  to  depres- 
sions. Yet  in  certain  instances,  and  especially  in  ivference  to  the  John 
Day  formation,  extensive  movements  in  the  rot-ks  have  occurred  and 
the  lieds  have  been  elevated  so  as  to  form  plateaus  in  which  the  com- 
ponent layers  are  now  inclined,  commonly  at  angles  of  10"  to  ITi", 
GENERAL  SURFACE  DISTRIBUTION  OF  ROCKS. 
In  Malheur  and  Harney  coimties  rhyolite  and  rhyolitic  tuff  are  the 
most  common  of  the  surface  rocks,  though  basalt  of  later  age  has  a 
wide  distribution,  while  rocks  of  a  simitar  character  hut  older  than 
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the  eruptioiw  which  supplied  the  rhyolite  and  with  a  thickness  of  at 
least  5,000  feet  are  admirably  exposed  in  the  east- facing  escarpment 
of  Stein  Mountain,  as  previously  reported. 

To  the  west  of  Harney  County,  and  extending  to  the  east  base  of  the 
Cascade  Mountains,  basalt  predominates,  although  much  eroded  ande- 
sitic  mountains  or  buttes  and  widely  extended  sheets  of  tuff  of  the 
same  general  nature  are  present.  The  old  volcanic  piles  are  repre- 
simted  by  the  Glass  and  Hampton  buttes,  and  the  sheets  of  rhyolite, 
and  the  still  more  abimdant  and  more  widely  spread  sheets  of  rhyo- 
litic  tuff,  form  the  surface  in  the  southeast  part  of  Crook  County  and 
extend  eastward  into  the  northern  part  of  Harney  Coimty.  Basalt 
occupies  the  surface  throughout  nearly  all  of  the  region  bordering  the 
Great  Sandy  Desc^rt  and  throughout  the  extensive  tract  of  country  in 
the  western  portion  of  Crook  County  drained  by  Deschutes  River.  To 
a  conspicuous  extent,  as  shown  in  the  canyons  of  the  streams,  it  occui*s 
in  comparatively  thin  sheets  resting  on  lacustral  deposits  or  beds  of 
stratified  volcanic  tuff.  The  canyon  walls  are  margined  above  by 
black  cliffs  or  rim  rocks  of  basalt  forming  the  eroded  margins  of 
sheets  which  in  general  are  80  to  125  feet  thick.  The  basalt  occurs  as 
widely  extended  sheets,  usiuiUy,  it  is  presumed,  of  Tertiary  age,  which 
can  not  be  traced  to  the  craters  from  which  they  came,  and  also  as 
nmch  later  flows  of  a  similar  character,  which  in  part  occupy  canyons 
cut  in  the  older  basalt  and  underlying  gravels,  sands,  and  tuffs,  and  in 
nianv  instances  bear  a  definite  and  determinable  relation  to  volcanic 
cratei*s  which  still  preserve  their  constructional  forms. 

ITSATITUES  OF  TUB  REGION,  BY  COUNTIES. 

MALHEUR  COUNTY. 

GE01X)(;V    AND   TOPOGRAPHY. 
I'AYETTK   FORMATION. 

The  Payette  fornuition.  which  cxmsists  principally  of  unconsoli- 
dated sands,  clays,  gravel,  etc.,  together  with  important  l)eds  of  light- 
colon»d  and  fre<|uently  white  volcanic  dust,  and  which  is  widely 
exjK)sed  in  southwest  Idaho,  extends  westward  into  Malheur  County, 
Oreg.,  where  it  forms  a  large  portion  of  the  surface.  This  forma- 
tion was  crossed  during  my  reconnaissance  in  1902,  and  again  in  1J)0;^, 
but  its  entire  extent  in  Malheur  County, can  not,  as  yet,  l>e  stated.  It 
occupies  the  Snake  Kiver  Valley,  from  near  Owyhee  northward 
beyond  Ontario,  and  extends  w-estward  to  a  locality  about  30  miles 
southwest  of  Vale.  Similar  l>eds  occur  also  along  the  courses  of  Jordan 
and  Succor  creeks,  and  in  several  other  valleys.  As  exploration  pro- 
gn>sses  it  will  probably  be  foinid  that  many  of  the  valleys  of  Malheur 
Comity  aiv  floored  to  a  dei)th  of  several  hundred  feet  with  soft 
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iiiit-onsolidaU'd  dupositn  like  tli04>  of  the  pEiyetU;  foniiatiuu  and 
probably  of  the  same  ur  of  ai)pi"(ixiiiiatety  tin?  sanic  age.  Wietlier  all' 
of  these  deposits  are  jwrtions  of  oiie  continuous  fornialinii,  or  wer* 
laid  down  in  Heparate  and  contiguous  basins,  is  not  as  yet  determined. 
It  is  prolrabk'.  however,  that  they  were  at-cumulated  in  much  tho 
same  manner  that  beds  of  like  character  are  now  bein^  spread  nut  on. 
the  surface  of  the  valleys  of  the  same  region  by  existing  streams.  In 
most  of  the  sediments  referred  to  as  being  analogous  to  the  Payette' 
formation,  however,  volcanic  dust  added  materially  to  the  depth  of 
the  deposit'i 

-Vt  Ontario  a  well  put  down  by  the  city  reached  a  depth  of  l,uriO' 
fwt,  all  in  soft  material,  without  reaching  the  bottom  of  the  forma-- 
tion.  The  surface  portion  of  this  deposit  is  clearly  a  part  of  thd'' 
Payette  formation,  and  it  is  presumed  that  the  entire  depth  of  tiie- 
well  is  in  the  same  formation.  But  even  the  considerable  thickness 
of  soft  material  shown  by  this  boring  does  not  give  the  original  thick- 
ness of  the  Payette  formation,  since  at  least  several  hundred  feet  of 
similar  material  has  been  removed  by  erosion  from  the  surface  of  tha' 
region  referred  to.  The  material  removed  has  been  carried  away  by 
Malheur  River,  along  which  sloping  gradation  plains,  as  tliey  are 
tt'rmtsd,  lead  down  to  Snake  Uiver,  ihe  master  stream  of  the  couuti-y. 
The  Snake  has  also  cut  down  its  valley,  the  material  removed  having 
licen  carried  through  the  magnificent  cnnyoii  it  has  escnvnted  in  its 
course  across  the  ruggpd  country  where  the  Seven  Devils  and  the 
Powder  River  Mountains  are  located. 

From  the  broad  plain  through  which  Malheur  River  flows,  and 
about  midway  between  Ontario  and  Vale,  there  ris(!s  a  conspicuous 
and  picturesque  landmark  known  as  Malheur  Butte.  This  in  gen- 
eral conical  elevation  with  precipitous  sides  rises,  as  determined  by 
aneroid  measure,  about  500  feet  above  the  adjacent  portion  of  Mal- 
heur River,  and  from  its  summit  conmiands  a  view  of  a  far-reaching 
and  instructive  landscape.  Geologically  it  is  composed  of  dark  basic 
volcanic  rock  resembling  ba.salt  (determined  by  F.  C.  Calkins  as 
basalt  containing  hypersthene),  compact  and  massive  at  the  base  of 
the  hutte,  where  it  is  penetrated  for  a  short  distance  by  a  tunnel  exca- 
vated for  the  passage  of  an  irrigation  ditch,  but  vesicular  at  the  top, 
and  containing  oval  cavities  due  to  the  expansion  of  steam  in  its  mate- 
rial while  it  was  yet  plastic.  These  cavities  ai-e  now  in  part  occupied 
by  infiltrated  siliceous  minerals.  The  huttc  is  probably  the  much- 
(^i-oded  I'cmnant  of  a  volcanic;  crater.  Associated  with  the  basalt  are 
small  exjxjsures  of  sedimentary  bed.«,  hard  and  compact,  which  have 
the  apiR'iirancc  of  having  been  baked  by  the  heat  of  the  moIt«n  rock 
which  came  in  contact  witJi  them.  The  sedimentary  beds  still  cling- 
ing to  the  sides  of  the  butte  indi(.ate  that  several  hundred  feet  of 
similar  material  have  been  ei-oded  from  the  region  about  it,  thus  leav- 
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ing  it  as  a  prominent  topographic  feature.  The  interpretation  of 
these  facts  seems  to  be  that  a  volcanic  conduit  was  extruded  upward 
through  a  thick  deposit  of  sedimentary  beds,  presumably  belonging 
to  the  Payette  formation,  and  built  a  crater  above.  Erosion  has 
since  removed  the  crater  and  cut  deeply  into  the  stratified  sediments 
which  its  conduit  penetrated,  leaving  the  rock,  which  hardened  in  the 
jconduit,  standing  in  bold  relief  as  a  so-called  "  volcanic  neck.'" 

From  the  top  of  Malheur  Butte  the  light-colored  rocks  of  the  Pay- 
ette formation  may  be  seen  outcropping  in  every  direction.  On  the 
east  side  of  Snake  River,  to  the  north  of  Ontario,  the  strata  dips 
southward  for  a  long  distance  at  a  low  angle,  probably  less  than  2°, 
showing  that  the  formation  has  l)een  broadly  upraised  and  tiltcMl. 
Similar  evidence  of  movements  in  rocks  of  the  same  nature  and  proba- 
blv  of  the  same  formation  can  be  detected  in  other  directions.  As 
shown  by  this  and  other,  related  evidence  there  have  been  consider- 
able and  widely  extended  movements  of  the  nature  of  broad  uplifts, 
and  perhaps  of  equally  broad  subsidences,  Ix^tween  the  various  up- 
raised regions  since  the  Payette  beds  were  deposited. 

The  nature  of  the  rocks  composing  the  Payette  formation,  the  con- 
ditions under  which  they  were  deposited,  whether  in  lakes  or  in 
streams,  the  records  of  life  they  contain,  the  deformation  their  beds 
have  experienced,  the  erosion  that  has  taken  place  in  them,  whether 
due  to  their  own  upheaval  or  to  the  deepening  of  the  canyon  of  Snake 
River  farther  down  its  course,  and  the  local  geology  about  Ontario, 
Malheur  Butte,  Vale,  etc.,  all  furnish  material  for  study  that  would 
yield  much  interesting  and  instructive  information. 

YOIXJANIC     ROCKS. 

A  few  miles  south  of  Grove  the  topography  changes  conspicuously. 
The  broad  valley  excavated  in  soft  rocks  gives  place  to  bold  and  in 
part  rugged  uplands,  through  which  the  Malheur  and  its  tributaries 
have  cut  deep  canyon-like  valleys.  These  uplands,  beginning  near 
Grove  and  extending  far  to  the  south,  are  composed  largely  of  rhyo- 
lite  and  rhyolitic  tuffs,  in  part  at  least  of  older  date  than  the  Payette 
formation,  and  associated  with  extensive  sheets  of  basaltic  lavas.  In 
the  walls  of  the  canyons  well-defined  rim  rocks  are  conspicuous, 
beneath  which  are  less  resistant  beds,  probably  of  sedimentary  origin, 
or  of  the  nature  of  volcanic-dust  deposits,  presimiably  belonging  to 
the  Payette  formation.  The  resistant  layei's  are  ^f  volcanic  origin, 
and  their  gentle  dip  to  the  north  is  evidence  of  broad,  widely  extended 
movements  in  them  since  the  material  of  which  they  are  composed 
was  spread  out.  More  than  a  general  idea,  however,  of  these  widely 
extended  terraces  could  not  be  obtained  during  my  rapid  survey. 

Volcanic  dttsf, — A  representative  example  of  the  geology  of  this 
portion  of  Malheur  County  occurs  in  the  vicinity  of  what  is  known 
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iiH  IIurptTM  Flat,  HiLiiiiti'tl  on  llie  Mnllieiir  iibout  'AO  miles  Huuthwtiafe 
uf  Vale.  At  this  locality  the  river  lias  excavatod  a  valley  about, 
y  Illilt^s  wiilu  in  soft,  iiiiransoliclatef]  sand  ami  clays  which  contAin 
II  lui'ge  proportion  of  white  vulcanic  dust.  Home  uf  th^  layers  of 
nearly  pure  volcanic  dust  are  from  20  to  100  feet  thick,  tactions  oi 
tlifibo  U'ds  are  exposed  at  many  localities  in  the  precipitotis  walls  of 
tile  valley  Itent-ath  rim  rocks  of  bnsult.  A  roughly  meaj^nred  seclJotfc 
on  the  easti'rn  side  of  the  valley,  alxnit  1  mile  winth  of  the  narrow 
canyon  at  the  northeni  end  through  which  Malheur  Kiver  outflows^, 
•^-oiitains  in  vertical  sertion  about  650  feet  of  soft  stratified  beds,  c»n- 
sistinf^  principally  of  while  volcanic  dust  overlain  by  a  sheet  of' 
IjHuait  'ir>  tu  30  fwt  thick.  Similar  sections  are  more  or  leas  welli 
exposed  nil  iiIj<)mI  thi'  valley.  At  numerous  loiralities,  jMirticulBrly^ 
in!  llu'  [ir'i'cipitoiirt  imrthern  border,  landslides  have  occurred,  giving!' 
to  the  blulls  the  chunicliirislic  feutiiixw  of  landslide  topography. 

A  conspicuous  oharacteriatic  of  the  fine-grained  shaly  layers  which 
occur  at  different  horizons  in  the  soft  deposits  about  IlariH'rs  Flat  it 
that  they  have  been  indurated,  probably  by  the  infiltration  of  silicai 
through  the  agency  of  hot  [lercolating  water,  and  have  the  pliysiool 
characteri sill's  of  white  or  gray  flint  or  chert.  The  tiebris  froitt 
tiijnilar  beds  occurs  at  many  localities  in  the  northern  portion  of  Mal- 
heur County.  The  sedimentary  and  tuff  lieds  beneath  protecting 
sheets  of  basalt  are  also  exposed  along  the  cnf  ks  which  join  Malheur 
River  near  Harpers  Flat,  and  pn?sent  a  wide  range  of  ^'ariatioiis  in 
appearance  and  composition.  In  certain  localities,  as  on  Willow 
Creek  4  to  5  miles  from  its  junction  with  the  main  sti-eam,  the  beds 
exposed  on  the  sides  of  the  valley  consist  largely  of  dark  volcanic 
tuff,  weathered  into  conspicuous  monumental  forms,  one  of  which  is 
shown  on  PI.  II,  B.  The  dips  of  the  l)edH  are  gentle,  but  change 
in  inclination  from  place  to  place,  indicating  that  moderate  deforma- 
tion of  the  nature  of  broad  folding  has  occurred. 

RhyoUte  and  rkyolitic  tuff.—'Ya  the  south,  along  a  r(»ad  that  leads 
through  an  extensive  and  as  yet  uiisurveyed  region,  indicated  on  the 
(Jeneral  I^and  Office  map  of  Oregon  as  lying  northwest  of  Cedar 
Mountains,  the  hills  itecome  bolder  and  more  abrupt,  assuming  the 
characteristics  of  mountains.  Fi-om  20  to  40  miles  north  of  Harpers 
Flat  the  surface  rocks  over  giTat  areas  are  essentially  horizontal, 
but  deeply  erwled.  Ilroud  rolling  uplands  devoid  of  trees  but 
clothed  with  sagebrush  and  bunch  grass  are  the  dominant  features  of 
the  landscapes.  The  table-lands  are  covered  with  basalt,  but  the 
presence  on  tbeni  of  many  flakes  and  shreds  of  black  volcanic  glass 
or  olwidian  indicates  that  sheets  of  superimposed  rhyolitic  tuff  have 
been  enided  away.  Although  basalt  is  the  prevailing  rock  on  the 
surfaces  of  the  broad,  plateau-like  uplands,  as  well  as  in  the  pre- 
cipitous walls  of  the  canyons,  sheets  of  rhyolile  ai-e  also  present,  and 
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to  the  south  become  at  times  the  prevailing  terranes  in  sight.  Char- 
acteristically the  basalt  and  rhyolite  occur  in  essentially  horizontal 
sheets,  and  give  evidence  of  but  slight  disturbances. 

The  general  features  just  mentioned  pertain  to  the  country  trav- 
ersed until  Crowley  Creek  was  reached,  about  50  miles  southwest  of 
Harpers  Flat,  whence  our  route  led  west  and  northwe^st  to  South 
Fork  of  Malheur  River,  in  the  vicinity  of  Riverside.  With  our 
advance,  however,  rhyolite  and  rhyolitic  tuflF  became  more  conspicu- 
ous than  the  outcrops  of  basalt,  and  at  last  formed  the  prevailing 
rock.  Rhyolite  is  abundant  in  the  region  drained  by  Crowley  Creek 
and  thence  west  to  South  Fork  of  Malheur  River.  Some  of  the  hills 
are  composed  of  rhyolitic  tuflF  and  agglomerate  in  inclined  layers, 
and  are  plainly  the  much  eroded  remnants  of  ancient  volcanic  tuflF 
craters.  From  one  such  eminence,  situated  in  the  central  part  of  T. 
36,  R.  26,  and  rising  about  2,000  feet  above  the  adjacent  valleys,  a 
widely  extended  view  of  the  surrounding  country  was  obtained,  dis- 
closing the  leading  characteristics  of  a  region  several  hundred  square 
miles  in  area.  From  the  summit  of  this  butte,  which  commands  a 
view  of  about  100  mile^s  in  every  direction,  no  rocks  except  rhyolite 
and  rhyolitic  tuflF  could  be  distinguished,  even  with  the  aid  of  a  pow- 
erful field  gla^ss. 

Without  attempting  to  weary  the  reader  with  a  presentation  of 
notes,  which,  owing  to  the  country  being  unsurveyed,  can  not  be 
accurately  located,  I  may  say  that  the  portion  of  Malheur  County 
traversed  bears  evidence  of  having  received  a  covering  at  diflFerent 
times  of  widely  extended  sheets  of  rhyolite  and  of  rhyolitic  tuflF.  The 
ruins  of  some  of  the  volcanoes  from  which  this  material  was  extruded 
can  still  be  distinguished.  The  lava,  poured  out  in  a  molten  condi- 
tion, and  the  thick  sheets  of  rhyolitic  tuflF  are  evidences  that  these 
volcanoes  w^ere  of  the  explosive  type  and  showered  vavSt  quantities 
of  ejecta  on  the  country  in  the  same  manner  that  Mount  Pelee  and 
IjS,  Soufriere,  in  the  West  Indies,  recently  added  a  layer  of  volcanic 
dust  and  lapilli  to  the  surface  of  the  islands  on  which  they  are 
located. 

It  is  an  instructive  fact  that  volcanoes  erupting  refractory  mate- 
rial, largely  of  the  nature  of  rhyolite,  had  a  wide  distribution  in 
central  and  eastern  Oregon  during  Tertiary  time.  The  contributitms 
of  this  nature  to  the  surface  rank  in  extent  and  thickness  with  the 
vast  basaltic  overflows  of  the  same  region.  As  stated  in  a  previous 
I'eport,  the  evidence  now  in  hand  shows  that  several  veritable  inun- 
dations of  basaltic  lava  occurred  in  eastern  Oregon  (as  is  shown,  for 
example,  by  the  exposures  of  rocks  of  that  nature  more  than  5,000  feet 
thick  in  the  east-facing  escarpment  of  Steins  Mountains)  and  were 
succeeded  l)y  great  rhyolitic  eruptions.  Still  later  than  the  rhyolite 
BnU.  252—05  M 3 
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came  a  renewal  of  ba^nltic  eruptions  which  eootiiiucd  from  time  to 
time  almoBt  fn  the  present,  day, 

DRAINAOe    AND     WATKIl    BKt«)UHt'E«, 

Tliniiijfhoiit  the  portion  of  Malhenr  Cminty  ti-nverK-d.  iuul  in  fiift 
over  nearly  all  of  eentral  Oregon,  then?  is  nhnndaiit  evi»leiui>  of 
greater  precipitation  and  more  active  erosion  inmiediately  prei-wlillg 
Ihe  present  period  of  aridity  and  weak  streams.     The  present  streams, 
often  the  diminutive  n'presentatives  of  former  rivei-s  and  creeks  th«t  i 
excavated  wide  valleys,  are  now,  in  many  instances,  engaged  in  fillinj~ 
or  aggrading  their   ancient  channels.     Tti   many  case?i  the  presenfi 
streams  are  ephemeral  and  flow  only  during  the  wet  season,  and  mai 
broad,  flat-lHittnmed  valleys  of  erosion  are  without  nurfacc  drftinagi 
Outstanding  buttes.  and  mesas  surrounded  by  mural  escarpments,  am 
sharp  ridges,  trenched  on  their  slopes  by  deep  excavations,  etc., 
of  climatic  conditions  different    from  thost»  which   now   exist  Ra 
make  it  evident  that  the  leading  feflture  in  the  climatic  change  thi 
has  taken  plaiw  was  a  decrease  in  hmuidity. 

The  surface  of  the  valley  between  Ontario  and  Vale  and  the  coa-l| 
tinuation  of  the  same  broad  depression  for  (>  or  S  miles  upstrounj 
from  Vale  presents  many  interesting  features  in  reference  to  i 
manner  in  which  streams  shape  land  surfaces  and  leave  records  € 
their  work  in  ternicps.  flood  phiins.  sloughs,  etc.  The  fl(H>d  plain  Ot 
the  Malheur,  between  Malheur  Butte  and  Vale,  is  in  general  about  4 
miles  wide,  and  during  exceptionally  high-water  stages  is  inundated. 
These  expansions  of  the  river  occur  in  spring,  when  much  floating  ice 
is  brought  down  from  the  upper  reaches  of  the  stream  and  left 
stranded  on  the  flooded  tracts.  In  some  instances  considerable  quan- 
tities of  gravel  and  sand,  attached  or  frozen  into  the  ice.  are  brought 
down,  to  be  deposited  irregularly  in  association  with  the  fine  silt  that 
the  expanded  waters  sift  down  on  the  land  they  temiiorarily  cover. 
The  stream  in  summer  is  greatly  reduced  in  volume,  and  in  recent 
years,  owing  to  the  demands  made  on  it  for  purposes  of  irrigation, 
usually  becomes  dry  in  July  and  August,  or  has  water  only  in  the 
deeper  depressions  in  its  bed  and  in  adjacent  sloughs.  It  may  be 
classed  as  an  alluvial  stream  in  this  portion  of  its  course;  that  is,  one 
engaged  in  filling  in  its  valley,  or  aggrading.  It  flows  in  many 
curves  through  the  nearly  flat  hmd  it  has  formed,  and  furnishes  excel- 
lent iliusfrationfi  of  the  meanders  that  sluggish  livers  develop,  and 
also  characteristic  examples  of  the  cutting  off  of  curves  during 
periods  of  high  water.  The  portions  of  the  curves  thus  abandoned 
form  sloughs  and  illustrate  the  character  and  mode  of  origin  of 
oxbow  lakes.  The  surface  layer  of  the  flixwl  plain,  as  is  usual  in  such 
formations,  is  largely  composed  of  fine  silt.     The  depth  of  this  layer 


MJ8SBLL.1  MALHEUR   COUNTY.  35 

is  in  general  about  10  to  12  feet,  and  beneath  it  is  coarse  gravel.  The 
gravel  was  also  laid  down  by  the  stream  and  is  the  lower  member  of 
the  flood-plain  deposits.  Wells  dug  in  the  flood  plain  reach  w^ater  on 
entering  the  gravel,  finding  there  an  abundant  supply  for  household 
purposes,  watering  of  stock,  et«.  As  yet,  however,  none  is  pumped 
for  use  in  irrigating. 

In  the  northern  half  of  Malheur  County,  the  only  portion  here  con- 
sidered, the  flat  lands  suitable  for  irrigation  are  located  mainly  along 
the  border  of  Malheur  River,  below  Grove.  There  are  small  areas 
of  bottom  land  farther  up  the  stream,  as  at  Harpers  Flat,  and  also 
an  area  of  several  square  miles  on  the  Owyhee  near  its  mouth  and 
adjacent  to  Snake  River,  which  are  of  value  for  agriculture,  and  in 
fact  are  now,  to  a  considerable  extent,  under  irrigation.  The  valley 
of  the  Malheur,  from  near  the  site  of  the  former  post-office  of  Grove, 
about  G  miles  south  of  Vale,  north  to  Snake  River,  contains  a  large 
amount  of  rich  agricultural  land  (about  100  square  miles,  by  a  rough 
estimate)  well  located  for  irrigation;  but  at  present,  owung  to  scarcity 
of  w^ater  during  the  growing  season,  farmed  to  but  a  small  extent.  In 
a  state  of  nature  this  extensive  and  beautiful  valley  was  a  meadow  of 
luxuriant  bunch  grass  and  tall,  grain-like  rye  grass;  now,  owning  to 
overgrazing,  it  is  essentially  a  desert. 

The  only  surface  water  available  for  irrigating  the  lower  portion  of 
Malheur  Valley  is  that  flowing  through  the  channel  of  Malheur 
River.  Along  that  stream  there  are  favorable  sites  for  storage  reser- 
voirs, which  could  be  made  to  retain  all  of  the  winter  run-off.  One 
such  site,  that  at  Harpers  Flat,  or  Harper's  ranch,  has  already  been 
investigated  by  the  United  States  Geological  Survey.** 

Owyhee  River  also  furnishes  desirable  localities  w^here  storage  res- 
ervoirs could  be  advantageously,  and  I  think,  economically,  con- 
structed, and  its  winter  run-off  conserved  for  use  on  the  flat  lands  near 
its  north  end,  adjacent  to  Snake  River.  The  possibility  of  diverting  a 
portion  of  the  w^aters  of  Snake  River  onto  these  same  lands  has  been 
suggested,  but  the  enterprise  is  one  of  such  magnitude  that  detailed 
surveys  are  necessary  before  even  an  approximate  estimate  of  the  ben- 
efits to  be  expected  can  be  made. 

From  such  facts  as  are  known  concerning  the  extent  of  the  lands 
along  the  lower  course  of  Malheur  River  and  near  where  Owyhee 
River  joins  Snake  River,  which  are  favorably  situated  for  irrigation, 
and  also  concerning  the  vohimes  of  Malheur  and  Owyhee  rivers,  it  is 
evident  that  when  all  of  the  available  water,  including  the  winter  run- 
off, shall  have  been  utilized,  only  a  comparatively  small  portion  of  the 
land  can  be  made  productive.     Another  source  of  supply  has  been 

•  Second  Ann.  Rept.  Reclamation  Service,  U.  S.  Geol.  Surrey :  H.  Doc.  44,  2d  aess. 
SSth  Cong.,  1004,  p.  435. 
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]t(iiiiti'(l  uiit,  iiuiiii'lv,  lh(^  lipwis  arl&sian  ItuMUi,"  whii-li  includes  much 
iif  the  ivgiun  iiiider  coiisifU'ratioii,  Imt  the  iiuantity  of  water  that  «aii 
!»  obtiiini'd  fioiu  thut  i-cservoir  aiitl  tht'  »i"wi  <if  land  bpluw  the  nrtesian 
head  of  the  tMsiu  arc  ns  yet  oidy  npproxiiimlely  known.  Heeniingly, 
however,  under  the  ino»t  fa*'ornblo  i-esiiUs  to  l>e  expected  from  the  use 
of  iirtesiiin  water  for  iirigation.  only  small  aruas.  principally  ganlciis 
UTid  orchards,  can  be  supplied. 

The  jwrtion  of  Malheur  County  traversed  t*)  the  soutli  of  Grove, 
with  the  exception  of  certjiin  small  areas  immediately  adjacent  to  Mal- 
heur River,  is  almost  entii-ely  destitute  of  water,  and  owing  to  if-s  am- 
siderable  olovntion,  rugged  topography,  and  especially  its  deeji  dissec- 
tion by  streams,  is,  so  far  as  cun  be  judged,  beyond  the  hope  of 
rechimation  by  irrigation.  The  nature  and  structure  of  the  i-ocks  are 
not  such  as  to  suggest  the  presence  of  artesian  basins.  The  viiluv  of 
tlie  region  evidently  lies  in  its  use  for  grazing,  and  even  for  this  pur- 
pose the  scarcity  of  water  prevents  stot^k  from  reaching  extensive  nat- 
ural pastures  which  arc  still  clothed  with  luxuriant  bunch  grass. 

Previous  journeys  have  sliowii  that  thei*  remarks  apply  equally  well 
to  the  greater  portion  of  Malheur  C-ounty  farther  south.  Tliei-e  are 
a  few  notable  escejitions  to  the  barrenness  of  the  land,  especially 
along  some  of  the  small  nitreams  and  wherc  springs  come  to  the  sur- 
face, producing  abundant  crops  of  native  gra-^ees,  but  their  combioo^X 
areas  are  probably  less  than  1  per  cent  of  the  nreii  of  the  uplands^ 
on  which  there  is  no  suggestion  that  irrigation  can  !«  practiced.  The 
aridity  of  Malheur  County  throughout,  and  the  scarcity  of  water, 
whether  surface  or  artesian,  are  such  as  to  show  that  the  chief  eco- 
nomic returns  it  can  be  exjiected  to  furnish  are  in  tlie  diret4;ion  of 
stock  raising.  The  practical  lesson  furnished  by  these  considerations 
is  that  the  utmost  economy  in  the  use  of  the  limited  water  supply 
should  Ije  practiced  and  the  most  thoroughly  scientific  methods  of 
agriculture  and  horticulture  employed  wherever  practicable. 

HARNEY  COUNTY. 

GBOLOOY  AND  TOPOGRAPHY. 

The  slieets  of  rhyolite  and  of  rhyolitic  tutf  which  form  so  amspicu- 
ous  a  feature  in  the  geology  of  the  west-central  jiart  of  Malheur 
County  continue  west  and  are  well  exposed  in  the  hills  to  the  east  of 
Harney  Valley.  In  this  region,  however,  the  nearly  horizontal  posi- 
tion of  the  Iwds,  noted  farther  east.  Incomes  less  conspicuous,  and 
faults,  accompanied  by  tilting  of  the  rocks  adjacent  to  tliem,  influence 
the  topography  to  a  marked  degree,  especially  in  the  i-cgion  drained 
by  the  headwaters  of  Crane  Creek.     In  tlie  uplands  on  the  east  border 
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of  Harney  Valley  extensive  areas  are  (X'cupied  by  basiiltic  r(M*ks,  ami 
in  the  canyon  walls  rim  rocks  of  both  rhyolitie  tuff  and  basalt  are 
present.  Beneath  the  resistant  layers  forming  the  rim  rocks  occur 
l)eds  of  soft  stratified  material  composed  largely  of  white  volcanic 
dust. 

SOUTH     FORK    OF    MALHEUR    VALLEY. 

South  Fork  of  Malheur  River,  near  Crane,  is  situated  in  a  deep 
canyon-like  valley,  which  furnishers  a  record  of  extensive  erosion,  and 
is  a  part  of  a  widely  extended  series  of  valleys  and  canyons,  which 
bear  evidence  of  having  been  excavated  by  streams  of  larger  volume 
than  those  now  flowing  through  them. 

In  the  valley  of  the  South  Fork,  near  its  extreme  southern  prolonga- 
tion, and  in  the  valley  of  one  of  its  small  tributaries,  there  is  a  fresh 
basaltic  lava  flow,  the  first  of  recent  date  met  during  the  reconnais- 
sance. It  terminates  in  a  steep  slope  at  its  distal  end  and  along  its 
bordering  escarpments,  and  for  several  miles  up  the  course  of  the  con- 
gealed current  shows  evidence  of  a  sluggish  flow,  due  largely  to  the 
blocks  of  the  broken  crust  which  became  involved  in  the  material 
beneath  while  it  was  yet  plastic.  The  surface  of  the  lava  is  black, 
vesicular,  and  exceedingly  rough,  and  over  large  areas  has  the  char- 
acteristics of  an  aa  lava  surface — ^that  is,  it  is  composed  of  the  broken 
fragments  of  the  first-formed  crust,  piled  in  confused  heaps,  and  in 
many  cases  standing  on  edge  or  inclined  at  various  angles.  Occa- 
sional pressure  ridges  are  also  present,  produced  by  the  upward  bend- 
ing of  the  thick  rigid  crust,  with  its  involved  fragments  of  the  first- 
formed  and  thinner  crust ;  these  are  due  to  lateral  pressure  produced 
by  the  flow  of  the  lava  beneath,  or  to  the  shrinkage  of  the  lower  por- 
tion of  the  material  as  it  cooled, 

^  The  lava  stream  occupies  the  bottom  of  the  canyon-like  valley  in 
which  is  occurs  for  a  distance  of  at  least  10  miles,  and  is,  on  an 
average,  about  a  mile  wide.  Where  Crane  Creek  joins  Camp  Creek 
its  breadth  is  nearly  2  miles.  The  blackness  of  the  lava  and  the 
scarcity  of  evidence  of  disintegration  or  decay,  as  well  as  the  absence 
of  vegetation  other  than  sagebrush  and  the  plants  usually  asso- 
ciated with  it,  give  an  impression  of  recency,  but  the  weak  stream 
that  flows  down  the  valley  has  cut  a  channel  from  50  to  75  feet  deep 
near  where  it  leaves  the  lava.  The  scarcity  of  soil  and  of  vegetation 
is  due  to  the  aridity  of  the  climate,  and  is  not  in  itself  an  index  of 
youthfulness  in  the  soil  l>eneath,  while  the  considerable  amount 
of  work  accomplished  by  the  weak  and  now  ephemeral  stream  is 
suggestive  of  centurias  of  slow  erosion.  The  lava  stream  can  not, 
therefore,  be  considered  as  young  in  years,  although,  with  the  excep- 
tion of  the  Jordan  and  Diamond  volcanoes  and  lava  flows,®  it  is  the 

*  Bussell,  I.  .0.,  Notes  on  the  fi^eolo^  of  southwcMitern  Idaho  and  southeastern  Orej^n  : 
BuU.  U.  S.  Geol.  Survey  No.  217.  llM)a. 
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lutost  cousideniblo  addition  to  (ho  Kurfiico  riK'ks  that  Ims  Im>cti  i 
ill  (^usUtrn  Oi-cgon. 

The  valley  in  which  this  lava  stream  lies  is  a  direct  coiitinuatioi 
of  H  level -floored  gap  which  extends  from  Oatnp  Creek  westwttit 
and  opens  out  into  Harney  Valley.  This  gap.  or  canyon-like  valley 
was  e.Tcavate<i  by  a  stream  flowing  from  the  liroad  basin  in  whidt 
Malheur  and  Harney  lakes  are  situated,  and  is  ninseqiiently  an  olw 
river  channel.  Its  level  floor  is  a  continnation  uf  the  present  siiT-, 
face  of  the  adjacent  portion  {(f  Harney  Valley,  and  is  due  to  the  ltiV*i 
flow.  A  direct  connection  ijetween  the  fresh  lava  in  the  upper  pOFr^j 
tion  of  South  Fork  of  Malhenr  River  and  the  similar  but  less  ru 
sheet  just  described  was  not  established  by  actually  traversing  thfr 
entire  length  of  the  hiia-floored  depression;  as  seen  through  a  field 
glass  from  neighlxjring  hills,  however,  the  two  portions  seem  to  ht^ 
part.s  of  a  single  flow.  Their  source  is  not  Icnown,  but  the  nearee^ 
recent  volcanoes,  so  far  as  present  explorations  have  shown,  are  th| 
Diamond  Craters,  situated  about  IS  miles  to  the  southwest,  and  it  ii 
probable  tliat  they  came  fi-om  there. 


From  Camp  Ci-e«k  the  road  followed  passes  up  Crane  Creek  a 
through  a  well-deflned  but  peculiar  gap  or  paKs  leading  west 
Hiinu'v  Valley.  Cniiii-  Creek  ^H■eivl■^  C.n.iU'  and  (Jonnan  creeks 
as  tributaries  from  the  north.  These  two  creeks  and  tlie  npper  por- 
tion of  Crane  Creek,  above  the  aitritpt  bend  in  its  coui-se  where  the. 
road  leading  to  Malheur  Ijtike  leaves  it,  flow  south  in  nearly  parallel 
valleys,  due  mainly  to  faulting,  and  enter  a  large  valley  with  bold 
walls,  which  trends  about  east  and  west.  This  larger  valley  has 
several  peculiar  features  which  at  once  attract  attention.  In  a 
general  view  it  appears  as  a  deep  stream-cut  valley,  about  one-half 
mile  wide,  leading  directly  through  the  hilly  country'  it  traverses, 
and  affording  a  low-grade  pass  to  Harney  Valley.  The  impression 
is  that  it  was  formed  by  a  river  which  escaped  from  Harney  Valley, 
but,  as  already  stated,  there  is  a  similar  valley  some  10  miles  farther 
south — the  old  river  bed  mentione<l  abovi.' — whicli  is  lower,  and  has 
au  almost  perfectly  flat  fltwr  at  the  same  level  us  tlie  adjacent  portion 
of  Harney  Valley.  One  is  puzzled  to  know  how  two  valleys  so  simi- 
lar in  their  geographical  relations  came  into  existence. 

In  traversing  the  Crane  Creek  Pass,  as  it  may  suggestively  bo 
termed,  from  east  to  west,  one  ascends  Crane  Creel;,  which  has  a 
well-defined  gradient,  until  about  10  miles  below  its  ultimate  .source, 
where  a  steep  ascent  of  aljout  100  feet  leads  to  a  divide,  or  rather  a 
crest  that  would  be  a  divide  if  surface  waters  were  present,  separat- 
ing the  slopes  on  the  east  draining  to  Crane  Creek  from  the  sloi>es  on 
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the  west  draining  to  Malheur  I^ake.  f)n  the  west  the  floor  of  the  pass 
is  approximately  level.  Throughout  the  two  portions  of  the  old 
valley  the  width  is  about  one-half  mile,  and  the  bordering  escarp- 
ments are  lK)ld  and  steep,  and  in  general  200  or  300  feet  high.  The 
valley  is  clearly  the  result  of  stream  erosion,  and  is  a  part  of  the  rec- 
ord inscribed  on  the  land,  showing  formerly  greater  precipitation 
than  now.  The  divide  which  crossc^s  the  course  of  the  vallev  from 
north  to  south  is  due  to  movements  in  the  rocks  subsequent  to  its 
excavation,  and  is  of  the  nature  of  a  fault,  the  we^t  side  of  which 
has  been  upheaved  in  reference  to  its  eastern  side.  Other  illustrations 
of  faulting  and  tilting  are  present  in  the  same  region,  and  are  sug- 
gestive of  the  causes  which  pro<luced  changes  in  the  direction  of  flow 
of  the  modern  streams  in  resjject  to  their  former  and  larger  repre- 
sentatives. 

In  ascending  Crane  Creek  from  its  junction  with  South  Fork  of 
Malheur  River  and  passing  west  into  Harney  Valley,  one  leaves  a 
region  where  rhyolitic  rocks  are  well  displayed  and  enters  an  exten- 
sive area  occupied  by  basalt,  bordering  Harney  Valley  on  the  east. 

For  several  miles  along  the  middle  course  of  Crane  Creek  the  rocks 
are  basalt,  spread  out  in  sheets  ranging  from  40  to  60  feet  in  thick- 
ness, and  associated  with  sheets  of  soft  sedimentary  material,  largely 
volcanic  dust.  The  series  of  resistant  basaltic  sheets  and  weak  inter- 
bedded  sedimentary  material  dips  gently  westward.  Conspicuous  for 
several  miles  on  the  south  side  of  Crane  Creek  Canyon  is  a  rim  rock 
of  rhyolite  and  rhyolitic  tuff  of  irregidar  thickness,  in  general  meas- 
uring 40  to  50  fiH»t  on  its  vertical  escarpments.  This  sheet  of  rhyo- 
litic material,  like  many  other  similar  sheets  in  eastern  Oregon, 
occurs  above  a  sc^ries  of  basaltic  rocks  and  in  turn  is  overlain  by  other 
basaltic  overflows.  In  places  the  edge  of  the  she^t  exhibits  good 
examples  of  spheroidal  jointing,  as  illustrated  on  PI.  II,  A. 

Although,  as  stated  above,  basaltic  rocks  l)ecome  the  prevailing 
terranes  as  Harney  Valley  is  approached  by  way  of  the  Crane  Creek 
Pass,  rhyolitic  rocks  impress  their  characteristic  colors  on  the  land- 
S(.»a[)e  in  the  neighboring  hills  to  the  north.  The  Crane  Creek  Hills, 
for  example,  on  the  north  side  of  the  valley  are,  as  previously  re- 
corded," composed  mainly  of  rhyolite  and  rhyolitic  tuff. 

HARNEY    VALLEY. 

From  commanding  elevations  on  the  east  border  of  Harney  Valley 
that  great  level-floored  basin  with  its  surrounding  hills  and  moun- 
tains makes  an  impressive  picture.  The  valley,  as  is  well  known, 
is  the  largest  single  expanse  of  practically  level  land  in  Oregon; 
although  irregular  in  outline,  its  diameter  in  any  direction  is  approxi- 

•  RnsseU,  I.  C,  Notes  on  tbe  geology  of  southwestern  Idaho  and  southeastern  Oregon : 
Bull.  U.  S.  Oeol.  Survey  No.  217,  1003. 
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iiiiiloly  HO  U)  f>0  mik'M.  Exlciidiii^  iiilu  (Ir*  k-vi-l -floored  liii^iii.  Iiuw 
t'ver,  at  several  loi-alities  un  its  Iwnler  are  c-aiw-like  projections  from> 
the  siin'ounduig  highlands,  and  well  within  its  sea-like  eicpanso  are  > 
few  isolated  bultew.  The  most  conspinions  of  the  salients  on  it'*  bor- 
ders iit'curs  on  its  west  side,  where  a  flat-top  tabh--land  of  basalt,  wjthj 
fetet'p  bordering  slopes  due  to  erosion,  projects  at  least  10  niile.s  towaiill 
Ihc  center,  Near  the  north  and  east  shores  of  Malheur  Lake  are  three 
huttes,  which  are  conspicuous  on  account  of  their  isolation  and  tho< 
ftatnoss  of  the  country  in  all  directions  atx)nt  them.  The  monotony 
ijf  the  topogi-aphy  of  the  basin  is  also  broken  by  a  low  swell  rising  to 
the  east  of  Malheur  Slough,  about  5  miles  west  of  the  entrance  to 
Crane  Creek  Pass,  which  is  composed  of  basalt  and  is  surrounded  oa 
KJI  sidi's*  liy  fine  soft  clay -like  dei>osits. 

Siiddh'  Mountain. — Of  the  three  bnttes  referred  to,  only  one,  SaddlO' 
Mountain  Bufle.  was  visited.  This  butte,  situat*^d  at  the  north  side 
of  Malheur  Lake,  is  about  .^00  feet  high  and  from  1  to  1^  miles  in 
diameter.  It  derives  its  name  from  its  shape,  as  seen  from  either  the 
east  or  the  west,  being  composed  of  two  ridges,  running  about  east  and 
west,  with  a  depression  betvteen  them.  The  rocks  are  s(x>riaceoua 
basalt.  There  is  considerable  loose  scoria  on  the  surface,  bnt  no 
Ijomlw  wei-e  found  and  no  evidence  of  a  cinder  or  lapilH  cone  Al- 
lliough  the  eminence  is  probably  the  remnant  of  a  volcanic  crater,  it' 
is  so  deeply  eroded  that  no  positive  assurance  of  such  an  origin  could 
be  obtained.  Its  borders  are  steep  on  all  sides  except  the  east  and 
bear  evidence  of  long-continued  erosion,  and  the  entire  hill  may  rea- 
sonably l>e  considered  as  a  remnant  of  a  basaltic  plateau  surrounding 
an  old  crater.  It  is  now  densely  clothed  with  sagebrush,  beneath 
which  there  is  abundance  of  bunch  grass. 

From  the  summit  of  the  butt«  a  fine  view  is  furnished  of  the  great 
plain  from  which  it  rises.  To  the  southeast  may  be  seen  two  other 
similar  buttes,  situated  near  the  east  border  of  Malheur  Lake,  which 
from  their  color  seem  also  to  be  composed  of  basalt.  To  the  east  the 
deep,  flat-bottomed  notch  in  the  rim  of  Harney  Valley,  through  which 
the  draining  stream  of  the  plain  formerly  flowed,  is  in  plain  sight, 
although  about  15  miles  distant;  the  continuation  of  the  valley  floor 
into  the  bottom  of  the  old  channel  without  a  perceptible  change  in 
slope  is  a  notable  feature.  Farther  to  the  south«?ast,  almut  flO  miles 
distant,  rises  the  rugged  crest  of  Steins  Mountains,  on  which  snow 
lingers  throughout  the  summer. 

Malheur  Lake.— To  the  south  of  Saddle  Mountain  Butte,  and  so 
broad  that  its  farther  shore  can  not  be  discerned  from  tlie  summit 
of  that  elevation,  lies  Malheur  Lake,  some  account  of  which  lias  been 
presented  in  a  previous  reixirt."     The  lake  is  shallow,  not  ovrr  8  feet 

i-mtcrii  lilabo  anil  KOMthcmilPrii  OreKon; 
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deep  in  the  deepest  part,  as  I  have  lxx3n  informed  by  persons  well 
acquainted  with  it.  A  mile  from  its  shore  at  almost  any  point  the 
water  is  only  a  few  inches  deep.  Its  water  is  always  yellowish  with 
material  in  suspension,  a  common  feature  of  alkaline  lakes.  It  is  in 
fact  a  so-called  "  playa  lake; ''  that,  is  a  lake  which  on  evaporating  to 
dryness  leaves  a  mud  plain  or  j^laya.  Although  Malheur  Lake  has 
never  been  known  to  disappear,  it  experiences  conspicuous  variations 
in  area  and  may  be  expected  to  evaporate  to  dryness  if  but  slight  cli- 
matic oscillations  favoring  less  rainfall  or  more  active  evaporation 
should  occur.  The  open  water  of  the  lake  is  bordered  by  rank 
grow^ths  of  dark-green  rushes,  which  also  form  many  island-like 
areas  here  and  there  on  its  surface,  rising  in  general  from  a  foot  or 
two  of  water.  During  periods  of  high  water  the  lake  expands  and 
reaches  within  a  few^  hundred  feet  of  the  south  base  of  Saddle  Moun- 
tain Butte.  East  and  west  of  the  butte  it  frequently  expands  so  as 
to  carry  its  margin  about  4  miles  beyond  its  low-water  limit.  These 
fluctuations  have  not  been  observed  long  enough  to  determine  what 
iheir  maximum  may  be,  and  it  would  not  be  surprising  if  portions 
of  the  plain  now  inhabited,  as,  for  example,  the  site  of  the  village  of 
Lawen,  should  be  sometimes  inundated.  The  portion  of  the  lake  bed 
now  left  dry  each  summer  is  in  places  brightly  colored  with  the  red- 
dish and  yellowish  coral-like  plant  known  as  Salicomia^  and  is  over- 
grown with  salt  grass,  which  is  harvested  each  year. 

Hot  spring. — Alx)ut  4  miles  northeast  of  Saddle  Mountain  Butte 
is  a  spring  which,  as  observed  by  H.  C.  Dewey,  forms  an  irregular 
pool  from  75  to  120  feet  in  diameter  and  20  to  30  feet  deep.  The 
water  is  clear,  without  odor,  and  near  the  margin  of  the  pool  has  a 
temperature  of  122°  F.  The  discharge,  which  is  about  430  cubic 
inches  per  second,  is  now  utilized  for  watering  stock.  This  spring 
rises  at  a  locality  on  the  surface  of  the  broad  valley,  at  least  4  milas 
from  the  nearest  upland,  and  is  a  true  fissure  spring,  having  a  deep 
source,  shown  by  its  temperature  to  be  probably  not  less  than  3,500 
feet  below^  the  surface.  Like  other  hot  springs  in  the  same  valley, 
some  account  of  which  has  Ikhmi  published,"  it  indicates  the  presence 
of  art-e.sian  conditions. 

WelU, — At  the  village  of  Lawen,  situated  about  6  miles  west  of  Sad- 
dle Mountain  Butte  and  about  3  miles  north  of  the  summer  margin 
of  Malheur  Lake,  eight  wells  have  iH^en  drilled,  and  within  a  radius 
of  2  miles  of  the  village  six  other  wells  have  been  put  down.  These 
wells  range  in  depth  from  18  to  40  feet,  the  differences  being  due  prin- 
cipally to  the  inequalities  of  the  surface,  as  they  all  obtain  their  water 
from  about  the  same  horizon.  They  pass  through  fine  yellowish  silt, 
and  reveal  the  nature  of  the  surface  layer  that  covers  large  portions 

•  Riisscll.  I.  C,  PreUminary  report  on  artesian  basins  in  southwestern  Idatio  and  soutli- 
eastern  Orepron  :   Water-Sup.  and  Irr.  Paper  No.  78,  U.  S.  Geol.  Survey,  1903. 
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iukI.  hh  iiijarly  iis  c'jin  now  In-  jiidpt'd,  j»nit'ti»iilly  tlic  i>iitirc>  area,  of 
llnriiev   Viilli>y.     'I'hv  luittui-iii  1   is  Htic  tlii-onglioiil,  willi  but  sliglit 
indiffltions  of  strati tication,  and  contains  no  beds  of  gravel  or  otiier 
(■oai-sp  depOHitfi.     It  agrpes  in  physical  character  with  the  silts  the 
rivwH  of  the  region  depiwit  during  high-water  stages.     Similar  niKte- 
rial  was  ol>served  on  the  banks  of  SilviBs  Kiver,  and  also  on  ih*-  l>or- 
ders  of  Malheur  Sloiiyh,  as  the  channel  is  termed,  through  whioJi    | 
Uatllesnake  and  other  creeks  on  the  north  side  of  Harney   Valley    j 
diwchiirge  to  Malhctir  I^ke  during  periods  of  high  water.     It  ia  prob-  , 
jilili'  that  ihe  wiilcly  extended  sheet  of  ninterial  forming  the  surface  ( 
of  Harney  Valley  is  maiidy  a  stream  deposit,  while  the  portion  near 
the  lake  was  laid  down  in  still  water.     This  is  itn  instructive  illustra- 
tion of  Ihe  fact  that  stream  and  lake  deposits  merge  into  each  uthor 
and  in  many  instances  have  no  detintte  line  of  separation.     On  the 
Mirfuce  of  Harney  Valley  also  there  are  wind-laid  de]K)sita  of  saind 
and  dust,  but  for  the  most  part  they  are  inconspicuous. 

The  depth  at  which  water  is  i-caciied  in  the  wells  in  and  aboiik 
Lawen  shows  the  position  of  the  water  table,  which  is  probably  con- 
trolled by  the  surface  level  of  Afalheur  Lake.  The  water  is  I'aised  by 
means  of  windmills  and  is  used  for  domestic  purposes,  watering  stock, 
and  the  irrigation  of  Hmall  gardens.  The  supply  seeins  to  be  inex- 
liHUstibte.  The  temperature  of  the  water  in  one  well,  18  feet  deep, 
and  14  feet  to  water,  is  .'iO}"  F.,  which  probably  i-epresents  aliout  the 
mciui  annual  temperature  of  the  locality. 

In  Ihe  southern  part  of  Ijawcn,  on  land  Iwlonging  to  Mr.  (r.  L.  Sitz, 
a  well  ■')  inches  in  diameter  was  drilled  in  the  year  ISMH)  to  a  depth  of 
4:i-i  feet  with  the  hoiw  of  obtaining  artesian  water.  Tlie  water  table 
was  reachetl  at  10  feet  and  artesian  water  at  about  -JW  feet;  l>elow 
that  depth,  as  tlionght  by  the  driller,  no  additional  water  was  ob- 
tained. The  well  discharges  continuously  throngii  a  3-inch  pipe. 
The  section  passed  through,  as  reported  by  Mr.  Sitz  from  memory,  is 
us  follows: 

Section  in  -well  at  Laiccn. 

Sand  ami  clay _ 200 

I^va,    nlwut - --  50 

(Snivel,  couiented 4 

Hunt  ami  noft  Inyern,  fnuii  S  Inched  tliiok  to  4  feet 

Uiick  - lOI 

'■  Ilnrii  blue  granite  "  (basalt) 7S 

Total   depth ,--432 

This  fragment  of  information  concerning  the  geology  of  Harney 
Valley  is  in  harmony  with  what  has  previously  been  learned  in  refer- 
ence to  that  basin,  and  indicates  that  artesian  water  can  be  had  if 
drill  holes  are  put  down.     To  adequately  test  the  artesian  conditions 
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at  La  wen,  a  well  at  least  1,000  fei»t  deep  should  be  drilled,  but  the 
possibilities  in  reference  to  w;ater  stored  under  pi-essure  will  not  even 
then  be  exhausted,  as  water-bearing  layers  probably  exist  at  still 
deeper  horizons. 

The  depth  of  the  surface  layer,  200  feet,  given  in  the  above  section, 
is  of  interest  and  indicates  that  the  surface  filling  of  the  valley  is  not 
great.  Beneath  the  silt,  reported  as  "  sand  and  clay  ■'  by  Mr.  Sitz, 
there  probably  occur  sheets  of  basalt,  rkyolite,  and  rhyolitic  tuff,  per- 
haps with  lacustral  or  stream-deposited  sediments  such  as  clay,  sand, 
and  gravel  between  them.  So  far  as  the  facts  in  hand  furnish  data 
on  which  to  judge  the  structure  of  the  rocks,  the  position  in  which 
they  occur,  and  their  nature,  whether  porous  or  impervious,  all  favor 
the  hope,  as  previously  reported,  that  flowing  water  can  be  obtained 
over  a  large  part  of  the  basin. 

Soil. — The  broad,  level  expanse  of  Harney  Valley  is  traversed  by 
roads  connecting  localities  where  water  can  be  obtained,  and  but  for 
the  wire  fences  placed  about  the  extensive  tracts  held  for  pasturage 
the  level-floored  valley  could  be  crossed  by  wagon  in  practically  all 
directions.  A  representative  portion  of  the  valley,  situated  between 
Lawen  and  Burns,  shows  that  the  surface  has  minor  inequalities 
due  to  the  abandoned  channels  of  streams  flowing  from  the  surround- 
ing uplands.  The  surface  of  the  soft  material  forming  the  present 
floor  of  the  basin  is  alluvium  brought  by  streams  from  the  uplands 
and  deposited  in  broad,  low-grade,  alluvial  fans.  Over  these  deposits 
the  streams  have  run  in  various  channels  or  distributaries,  and  as 
they  shifted  their  positions  the  abandoned  channels  remained  as 
records  of  their  former  courses.  Over  the  stream-shaped  surface  the 
winds  have  deposited  some  material  in  the  form  of  sand  and  dust,  but 
this  covering  is  thin  and  in  most  localities  inconspicuous.  Even  the 
transient  visitor  is  impressed  with  the  fact  that  the  valley  contains  a 
vast  quantity  of  good  land  which  only  needs  water  to  make  it  fruitful. 
The  climatic  conditions,  however,  and  especially  the  conmfion  occur- 
rence of  frost  in  summer,  render  it  evident  that  in  the  future,  as  in  the 
past,  industrial  development  will  consist  principally  in  hay  growing 
as  a  basis  for  stock  raising  and  in  dairying. 

Rhyolitic  tuff, — At  Burns  and  especially  along  the  border  of  Sil- 
vies  River,  to  the  west  of  the  town,  there  are  conspicuous  outcrops  of 
rhyolitic  tuff.  A  widely  extended  sheet  of  this  material  underlies 
the  surface  over  a  great  extent  of  the  hilly  and  even  momitainous 
country  to  the  northwest,  but  its  boundaries  have  not  been  traced. 
The  region  referred  to  is  forest-covered  and  furnishes  the  watershed 
of  Silvies  River.  An  intimate  relation  between  the  character  of  the 
surface  rock  and  the  water  su[)ply  is  here  show-n,  since  the  thick  sheet 
of  tuff  referred  to  (as  may  be  seen  in  the  rim  rocks  bordering  the 
narrow  valley  through  which  Silvies  River  flows)   is  porous  and 
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absMt'lts  till'  mill  wator  fRiUng  on  its  surface,  nllowiug  it  to  [icrculatat 
slowly  to  the  strenin.  In  the  valleys  eut  in  the  widely  extended  tuff 
fiieets,  hillside  springs  are  common.  The  tuff  is  -weU  exposed  afr 
Bums,  and,  as  may  there  be  seen,  is  a  brown  porous  rock  of  ItiW. 
specific  gravity,  composed  of  angular  fi-ngnieiits  of  scoriaceous  rhyo- 
lite.  The  beds  are  easily  quarried  and  the  blocks  obtained  readily, 
squared  for  building  purjioseM  by  means  of  an  ax.  Although  jui 
inferior  building  stone,  because  of  its  porosity,  which  jjermits  it  to 
absorb  water  almost  as  readily  as  a  sponge,  and  becauftc  also  of  its 
sombre  color,  it  is  nevertheless  useful,  especially  in  a  region  where 
the  raiu'fall  is  small.  A  church  at  Bums  has  been  built  of  it,  and 
this  and  similar  material  will  no  doubt  l>e  extensively  used  in  the 
towns  of  central  Oregon  in  the  future. 


The  stage  road  leading  southwest  from  Burns  follows  the  border  of 
Harney  Valley  for  alxtut  G  miles  and  then  turns  west,  crosses  a  low 
dinde,  and  ascends  Little  Sagehen  Valley.  Through  this  runs  Little 
Sagehen  Creek,  the  diminutive  representative  of  the  former  stream  of 
considerable  size  that  excavated  the  well-defined  valley.  It  is  dry 
in  its  upper  part  in  summer,  but  in  its  lower  part  several  warm  1 
.springs  come  to  the  surface  and  supply  natural  irrigation  for  exten-  \ 
yivi'  meiidows  of  native  grasses. 

The  rocks  forming  the  major  portion  of  the  hills  southwest  of  Bums 
are  composed  of  rhyolitic  tuff,  similar  to  the  brown  building  stone  at 
Burns,  but  a  prominent  butte,  overlooking  both  Harney  Valley  and 
the  narrow  stream-cut  valley  of  Little  Sagehen  Creek,  is  composed  of 
reddish  scoriaceous  basalt,  a  remnant  left  by  erosion  of  a  formerly 
extensive  sheet  of  the  same  material.  Little  Sagehen  Creek  has  cut  a 
steep-sided  trench-like  valley  through  the  basalt,  leaving  a  broad 
plateau  on  each  side,  that  on  the  north  extending  east  to  within  about 
6  miles  of  Malheur  Lake,  where  it  terminates  in  a  line  of  bold  escarp- 
ments. The  sheet  of  basalt  also  extends  widely  to  the  south  of  Little 
Sagehen  Creek,  fomiing  a  nearly  level  plateau  which  reaches  nearly 
or  quite  to  Little  Silver  and  Harney  lakes.  Over  the  monotonous  sur- 
faces of  these  broad  plateaus  the  bare  black  basalt  with  which  they  are 
covered  is  nearly  everywhere  exposed.  Along  each  side  of  Little 
Sagehen  Creek  for  a  distance  of  about  25  miles,  the  broken  edges  of 
the  lava  sheet  form  bold  palisades  about  40  feet  high.  Iwlow  which 
steep  talus  slopes  conceal  from  view  the  soft  stratified  boils  underlying 
the  resistant  lava  that  shields  them  and  that,  where  unbroken,  ha.s  pre- 
served them  from  erosion. 

From  the  basaltic  butte  referred  to  above  good  views  wei-e  obtained 
of  the  mountainous  country  to  the  northwest  of  Burns,  which  con- 
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firmed  previous  observations  in  reference  to  the  eastward  dip  of  the 
rocks  in  that  region  and  showed  that  they  pass  beneath  the  floor  of 
Harney  Valley,  thus  favoring  the  conclusion  that  artesian  conditions 
are  present  beneath  its  broad  arid  surface. 

The  north  wall  of  the  canyon  of  Little  Sagehen  Ci*eek  for  a  dis- 
tance of  al>out  10  miles  near  its  head  is  composed  of  irregular  hills 
of  rJiyolitic  tuflF,  the  weathering  of  which  has  produced  numerous  iso- 
lated crags  and  monumental  forms.  On  the  south  the  canyon  is  bor- 
dered by  a  continuation  of  the  palisade  of  basalt,  marking  the  border 
of  the  extensive  plateau,  which  extends  far  to  the  south.  The  basalt 
is  here  thin,  in  places  being  not  over  15  or  20  feet  thick.  Beneath  it 
are  soft  white  si»dimentary  beds,  consisting  largely  of  volcanic  dust, 
at  lea.st  250  or  300  feet  thick.  The  basalt  was  spread  out  as  a  widely 
extended  sheet  after  the  rhyolitic  tuff,  which  was  showered  on  the 
land  in  vast  quantities,  had  been  consolidated  and  deeply  eroded. 
After  the  inundation  of  basalt  erosion  continued,  and  the  canyon  of 
Little  Sagehen  Creek  was  excavated.  From  our  general  knowl- 
edge of  the  relations  of  the  rhyolitic  tuffs  and  basalts  of  central  Ore- 
gon to  sedimentary  rocks  containing  fossils  it  may  reasonably  be 
inferred  that  the  soft  beds  in  question  are  of  Tertiary  age.  The  cut- 
ting of  the  canyon  in  the  basalt  is,  it  seems,  an  event  of  post-Tertiary 
time. 

At  the  head  of  Little  Sagehen  Valley  there  is  a  low,  irregular,  flat- 
topped  divide.  The  road  leading  westward  ascends  from  the  canyon 
by  means  of  a  steep  grade  and  traverses  a  portion  of  the  basaltic 
plateau  referred  to  above.  The  junction  of  the  basalt  with  the  older 
rhyolitic  tuff,  which  there  forms  irregular  hills,  can  readily  be  traced 
1  or  2  miles  to  the  right  of  the  road.  The  tuff  has  been  deeply  dis- 
sected by  streams,  and  furnishes  examples  of  old  topography  in  strik- 
ing contrast  with  the  level  surface  of  the  adjacent  plateau  of  basalt, 
with  its  few  steep-sided  gorges  and  canyons.  The  tuff  of  the  uplands 
is  well  exposed,  and  in  the  walls  of  deeply  cut  but  flaring  valleys  sec- 
tions of  beds  from  50  to  150  feet  thick  are  revealed.  The  rocks 
resemble  gray  granite  in  color  and,  like  granite,  weather  into  rounded 
hills  with  crags  and  isolated  tower-like  masses  on  their  sides  and  in 
the  walls  of  the  bordering  ravines. 

SILVER   CBEEK. 

Silver  Creek  has  its  source  in  a  dissected  plateau,  which  is  an  exten- 
sion to  the  northeast  of  the  hills  just  referred  to.  In  summer  its 
upper  portion  becomes  dry  and  its  sole  supply  is  from  great  springs 
of  cool,  delicious  water  that  well  out  at  the  base  of  a  bold  escarpment 
of  yellowish  rhyolitic  tuff  about  8  miles  northwest  of  Riley.  Below 
these  springs  is  an  alluvial  plain  about  10  miles  long  and  avera^ng 
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approximattily  2  miles  in  width,  tlu'ou^li  whiuU  Silver  Crooke 
iiiGaiidei-s,  tordered  by  rich  agi'iciiltunil  kndK  The  water  supply  I 
meager,  however,  and  only  a  small  percentage  of  the  land  favorably 
lo<^^nt4.v]  for  irrigation  is  under  cultivation.  About  2  mileH  soutli  ot 
Bil«y  the  valley  contracts  and  becomes  a  gorge  with  bluffs  ami  riia! 
i-ocks  on  it.s  sides.  Bold  hillw  of  basaltic  rock  rising  near  the  cn'ek  («l 
its  soiilli  side  have  the  form  and  ai)[>0AraiicG  of  nmch-tiroded  vok'tiiiic 
craters,  Alx)ut  a  milp  swiith  of  the-se  hills  is  the  true  Iwrder  of  thtf 
valley,  there  defined  by  a  rim  rock  of  bawilt  whicli  tn-iids  soiithwestJ 
ward  and  forms  the  sonlheast  border  of  a  valley  or  depression  triini- 
tary  to  tliat  through  which  Silver  Creek  flows.  The  line  of  cliffs  is  A 
conspicuous  topographic  feature  ami  one  of  much  geologic  interest 
To  the  south  of  Riley  it  is  from  200  to  300  fei't  high,  and  from  itfl 
crest  the  de^ici^nt  to  the  southeast  iw  abrupt  for  about  a  quarter  of  s 
nule.  when  the  surface  of  the  broad  basaltic  plateau  extending  far  Ift 
the  south  and  east  is  reached.  The  sheet  of  basalt  forming  the; 
plateau  is  evidently  slightly  upturned  along  the  line  of  cliffs  defining 
its  northwest  Imrder.  and  is  broken  so  as  to  form  palisades.  Thcsej 
conditions  indicate  the  |)resence  of  a  fault,  as  will  be  shown  more 
clearly  a  few  pages  further  on. 


From  east  to  west  acn>ss  central  Oregon  there  is  a  succession  of 
prominent  peaks  which  serve  as  landmarks  to  the  Inivoler  and  fur- 
nish a  series  of  convenient  stations  for  studying  the  geography  and 
geology  of  the  region  lying  between  Steins  Mountains  on  the  east 
and  the  Cascade  Mountains  on  the  west.  These  peaks,  in  their  order 
from  east  to  west,  aie:  Iron  Mountain,  a  sharp  conical  elevation 
about  5  miles  south  of  Little  Silver  Tjake;  Placidia  Butte,  18  miles 
northwest  of  Iron  Mountain:  Glass  Buttes,  IS  miles  farther  north- 
west; Hampton  Butte.  )2  miles  northwest  of  the  Glass  Buttes,  and 
the  Pauline  Mountains,  aliout  30  miles  farther  west,  fi-om  which  the 
Cascade  Range  is  in  full  view,  although  50  miles  distant.  In  the 
interval  there  are  several  isolated  jjcaks.  such  as  Pilot  Butte,  Lava 
Butte,  Black  Butte,  etc. — steep-sided  conical  elevations  with  sharp 
summits,  rangi'd  across  the  country  like  sigiuil  stations— each  of 
which  at  some  time  in  its  history  has  been  aglow  with  volcanic  fires. 
They  are  not  all  of  the  same  age,  and,  although  liaving  a  similar  his- 
tory, present  many  variations  in  the  details  of  the  events  they  record. 
Some  of  them,  like  Iron  Mountain,  the  Glass  Buttes,  and  Hampton 
Butte,  are  of  ancient  date,  and  were  built  l)y  volcanic  explosions 
which  hurled  fragments  of  congealed  lava  into  Die  air  during  the 
earlier  part  of  tlie  Tertiary  period  of  geologic  history ;   others,  like 
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Lava  Butte,  covered  the  region  about  them  with  streams  of  molten 
lava  but  a  few  centuries  since. 

Iron  Mountain, — Iron  Mountain,  some  account  of  which  has  Intern 
given  in  a  previous  reporf,"  is  a  much-eroded  volcanic  cone  built  of 
acid  lava  resembling  rhvolite.  It  commands  a  far-extended  land- 
scape,  characteristic  of  the  arid  east-central  portion  of  Oregon ;  from 
its  sharp  sunmiit  not  an  individual  tree  can  be  distinguished,  although 
the  shadow-like  appearances  on  the  mountains  far  to  the  north  are 
known  to  indicate  the  presence  of  a  valuable  forest.  About  the  base 
of  the  butte  are  widely  extended  basaltic  lava  flows,  and  near  at  hand 
broad,  yellow  mud  plains  margined  by  bands  of  white  efflorescent 
salts.  The  waters  of  Little  Silver  Lake  lap  on  shadeless  shores,  and 
serve  to  emphasize  rather  than  relieve  the  desolation  that  forms  the 
most  prominent  feature  of  the  landscape  in  every  direction.  To  the 
northwest,  18  miles  distant,  rises  the  sharp  summit  of  Placidia  Butte, 
the  most  prominent  object  in  a  seemingly  boundless  plain  of  somber 
sagebrush -covered  basalt. 

Placidia  Butte, — The  nearest  habitation  to  Placidia  Butte  is  at 
Riley,  about  12  miles  eastw^ard,  the  road  for  the  entire  distance  being 
without  water,  except  such  as  is  furnished  by  melting  snow  in  winter 
and  spring  or  by  the  stagnant  contents  of  small  water  pockets  in 
early  summer.  During  our  visit  to  the  butte  we  crossed  the  Silver 
Creek  Meadows  to  the  base  of  the  bold  palisade  or  rim  rock  that 
borders  them  on  the  south.  Choosing  a  notch  in  the  almost  contin- 
uous crest  line  of  the  palisade  the  top  was  easily  reached.  The  crest 
of  the  palisade,  instead  of  being  the  margin  of  a  level  plateau,  as  is 
so  frequently  the  case  where  rim  rocks  occur,  is  really  the  edge  of  a 
tilted  block,  which  stands  in  relief  above  the  gently  sloping  plain  that 
extends  from  its  base  20  or  more  miles  to  the  southeast.  Along  the 
crest  of  the  ridge  there  are  numerous  elevations  having  about  the 
same  height,  between  which  notches  occur  resembling  the  abandoned 
stream-cut  channels  termed  "  wind  gaps."  That  they  were  really 
stream  cut  was  not  satisfactorily  determined,  but  they  at  least  suggest 
that  the  region  was  dissected  by  small  streams  tributary  to  a  south- 
eastward-flowing river  before  the  ridge  was  uplifted. 

The  plain  extending  southeastw^ard  from  the  ridge  slopes  down- 
ward gently  from  its  base,  and  is  remarkable  for  its  evenness  and 
smoothness.  No  more  than  faint  suggestions  of  stream-cut  channels 
are  visible  on  its  vast  monotonous  surface.  If  such  once  existed,  as 
is  probable,  they  have  been  filled  and  obliterated  by  alluvium  and 
wind-deposited  debris.  To  the  southeast  Iron  Mountain  and  Little 
Silver  Lake  are  in  plain  view  and  seemingly  only  8  or  10  miles  away, 
instead  of  18  or  20  miles,  as  they  really  are.     To  the  southwest,  7  or  8 


«  Russell,  I.  C,   Notes  on  geology  of  southwestern   Idaho  and  southeastern  Oregon : 
Bull.  U.  S.  Geol.  Survey  No.  217,  1903. 
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niilt'H  distant  rises  the  rciiiarkiibiy  regular  coninil  [Kstik  known  as 
Pk(.idia  Biitto  with  n  luiplit  above  the  adjaoeiit  plain  of  ft-om  700  U) 
800  fu4.t  On  its  iiiht4.rii  uid(  about  a  mile  from  its  huse,  is  it  iiiii<-h 
low(!i  iK\u(Lon  comjjoscd  of  reddish,  highly  woriaceous  basalt,  nnioh 
enuidl  ^inih  iimiks  the  sito  of  a  Hei-ondary  or  imrasitic  i'ni|>tioii. 
Poshiblv  ii  siniam  of  lava  tninu  to  tliP  surface  ut  this  locality,  but  ero- 
sion has  so  altered  the  lopographv  that  definite  cvidcncu  of  such  an 
occ^urrciice  is  not  obtainable. 

On  ascending  Platndia  BntU-  we  found  it  to  be  a  volcanic  otiiie  built 
during  explosive  eruptions,  which  blew  out  angular  fragnientji  of  wo- 
riaceous  basalt,  but  discovertid  no  bombs  to  sliow  that  plastic  lava  was 
erupted.  The  sides  of  Ihe  cone  are  steep,  and  when  seen  in  i)rofili; 
reveal  long  sweeping  cur^'es  concave  to  the  sky,  typical  of  many  simi- 
lar cones  composed  of  hard  fragmenlH  of  various  sizes.  It  is  doubtful 
if  these  curved  slopes  are  n  part  of  the  original  constructional  surfawj 
of  the  cone,  however,  since  much  erosion  has  occurred,  and  erosion 
►  curves  in  the  case  of  such  pile,s  of  loose  debris  simulate  constructional 
cur\-es.  On  the  southwest  side  of  the  cone  there  is  a  line  of  rou^i 
crags  of  scoriaccous  basalt;  on  the  west  there  is  a  similar  line;  and 
on  the  north  there  are  suggestions  of  a  third.  These  lines  of  crags 
radiate  from  the  suniniit  portion  of  the  pile  and  mark  the  location  of 
cravkH  in  its  sides,  whicli  were  injected  with  molten  lava  so  as  to  form 
dikes. 

All  these  features  are  normal,  or  at  least  conmion,  in  the  case  of 
scoria  and  lapilla  critters.  An  exceptional  occuri-ence,  however,  is 
furnished  by  the  mas,sive  angular  crags  of  reddish-brown  rock  which 
form  the  summit  of  the  cone  and  enable  erosion  to  give  it  a  sharp  ter- 
minus. This  summit  mass,  or  capstone,  is  a  volcanic  agglomerate, 
but  unlike  most  similar  rocks,  is  lacking  in  fine  material,  such  as 
volcanic  dust  and  lapilli,  to  serve  as  a  mortar  for  the  larger  masses. 
It  is  composed  of  sharply  angular  fragments  of  scoriaceous  basalt, 
adhering  firmly  one  to  another  and  ranging  in  size  from  I  or  2  up  to 
8  or  10  inches  in  diameter.  In  places  there  ai-e  angular  holes  and 
irregular  rarities  between  the  adjacent  blocks.  The  explanation  is 
that  this  agglomerate  is  composed  of  fragments  blown  ont  of  the 
deeper  portion  of  the  conduit  in  n  solid  condition,  and  accumulated 
in  the  crater  at  the  top  of  the  volcanic  pile  as  the  volcanic  energy 
decreased.  The  finer  fragments,  being  carried  higher,  fell  outside 
the  crater  or  were  removed  by  the  wind.  The  larger  fragments 
were  hot  and  adhered  to  one  another,  the  accuiimlation  Iwing  also 
to  some  extent  consolidated  by  the  pi-cssure  of  its  own  weight.  The 
mass  of  material  thus  produced  was  similar  to  the  '•  cone  of  eruption  ' 
observed  in  the  case  of  many  active  or  recently  extinct  volcanoes,  and 
at  first  was  encircled  by  a  lapilli  crater. 
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Stated  in  another  way,  the  agglomerate  is  the  higher  portion  of 
the  plug  or  neck  which  hardened  in  the  volcano's  conduit  as  its 
energy  decreased.  At  no  great  depth  below  the  portion  now  exposed 
compact  lava  may  be  expected  to  be  present.  Erosion  has  removed 
the  crater  which  once  surrounded  the  summit  of  the  plug  and  a  por- 
tion of  the  compact  agglomerate  which  accumulated  within  it.  The 
central  mass  is  resistant  to  all  forms  of  mechanical  erosion,  and,  owing 
to  the  dryness  of  the  climate,  has  not  been  exposed  to  active  chemical 
erosion.  Although  the  plug  is  probably  about  200  feet  in  diameter 
at  a  short  distance  beneath  the  exposed  top,  its  summit  has  weathered 
to  a  rough  but  moderately  sharp  apex. 

From  the  sununit  of  Placidia  Butte  an  unobstructed  view  in  all 
directions  is  obtained.  Perhaps  the  most  characteristic  features  of 
the  desolate  landscape  are  the  vast  expanse  of  the  apparently  smooth 
plain  of  basalt,  extending,  with  its  covering  of  sagebrush,  far  to  the 
east  and  southeast,  and  the  hills  to  the  south  in  the  vicinity  of  Abert 
Lake,  which,  judging  from  their  forms  and  the  little  that  is  known 
concerning  them,  are  much  eroded  uplifts  of  rhyolitic  lava  and  tuff  of 
the  same  lithologic  character. 

Glass  Buttes. — To  the  west,  18  miles  distant,  rise  the  Glass  Buttes, 
consisting  of  two  prominent  rounded  domes  and  several  lesser  hills, 
which,  as  known  from  a  previous  visit,  are  remnants  of  ancient 
rhyolitic  or  andesitic  volcanoes,  now  deeply  dissected  by  erosion. 
They  form  not  only  a  most  prominent  object  in  the  vast  desert  land- 
scape, but  add  a  touch  of  color  to  the  prevailing  gray  of  the  surround- 
ing sagebrush-covered  plain  by  the  tawny  yellow  of  the  ripened 
bunch  grass  and  the  dark  shades  of  the  trees  that  grow  on  the  north- 
ern sides  of  their  prominent  ridges.  The  highest  point  on  these  desert 
mountains,  which  take  their  name  from  the  obsidian  or  volcanic 
glass  scattered  over  their  surfaces,  is  approximately  2,000  feet  above 
the  plain  surrounding  their  widely  extended  base. 

Hamptan  Butte. — Hampton  Butte,  which  is  of  similar  geologic 
structure  to  the  Glass  Buttes,  is  situated  a  little  to  their  right,  and 
about  30  miles  away  from  Placidia  Butte,  from  which  it  may  lx»  seen. 
From  Placidia  Butte,  in  the  blue,  indefinite  distance,  may  also  bo 
noted  the  snow -covered  summits  of  the  Cascade  Mountains;  these, 
however,  are  so  dim,  as  seen  through  the  ever- prevailing  desert  haze, 

that  only  Mount  Jefferson  can  be  definitely  located. 

« 

UITX8   AND  BI0GE8. 

Continuing  northward  past  a  water  pocket  lying  about  a  mile  north 
of  Placidia  Butte,  we  again  crossed  the  ridge  that  overlooks  Silver 
Creek  Valley  and  its  southwest  tributary,  and  found  it  to  be  corn- 
Bull.  252—05  M 4 
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postid  in  part  of  whit«  rhyulitic  rwk  of  older  diite  than  arc  thy  vaa 
sheets  of  basfilt  asmcialod  witli  it.  Passing  through  »  depret^on  ii 
the  rhyolite  hills,  we  gained  a  platfonn  of  basalt  wliicli  encirda 
them  on  the  northwest  side.  This  plalfomi,  which  is  about  half  ) 
mile  wide,  tt-rmi nates  on  the  northwewt  in  a  precipitous  escarpment! 
ranging  in  height  from  200  to  300  feet,  in  which  the  edges  of  several 
sheets  of  basalt  are  well  exposed.  This  escarpment  is  a  direct  contiif 
nation  of  the  similar  precipice  climljed  in  the  morning,  and  judging 
from  its  topography  is  the  upraised  side  of  a  fault.  The  trend  a 
the  line  of  cliffs  is  northeast  and  southwest,  hut  near  its  southern  en( 
it  curves  westward.  The  valley  at  its  Base  on  the  west  is  not  flooi 
with  alluvium,  but  has  «n  irregular  bottom  composed  of  basalt,  whieb 
rises  in  a  continuous  slope  toward  the  northwest  and  culminatee  in 
the  crest  of  a  ridge  which  presents  a  steep  slope  to  the  west, 
detailed  study  of  this  interesting  region  would  no  doubt  yield  mm 
valuable  data  in  reference  to  the  influence  of  movements  in  the  n 
on  topographic  forms. 

To  the  north  of  Riley  and  bordering  the  meadows  and  adjaceal 
sagebrush -covered  terraee-like  uplands  on  the  northeat^  rise  a  gron|{ 
of  bold  rounded  hills,  which  attain  a  height  of  between  1,500  ai 
2,000  feet  above  the  meadows  at  their  base.  These  hills  are  comj 
of  compHct.  apparently  basaltic  rock,  and  are  thought  to  be  of  prob>^ 
iibly  Tertiary  age.  The  hills,  although  presenting  rounded 
when  seen  from  tiie  south,  were  found  on  near  inspection  to  consist  of 
a  series  of  nearly  east  and  west  ridges,  with  steep  escarpments  faeiiig 
north.  This  peculiar  topography  suggests  faulting.  The  bills  are 
thickly  strewn  with  weathered  blocks  of  nn-k  of  the  same  character  as 
those  exposed  in  the  cliffs,  but  scoria,  lapiJii  iximbs,  etc..  an'  absent. 
As  there  are  no  trails,  the  thickly  strewn  lilwks  covering  the  surface 
make  traveling  difficult.  Rich,  brown  residual  soil  occurs  bfstween  the 
loose  stones,  and  luxuriant  bunch  grass  and  an  ()[H'n  forest  of  junipers 
and  pines  clothe  the  surface.  These  hills  extend  at  least  8  miles 
northward,  and  present  throughout  the  same  topographic  charact^'r- 
istics.     Their  northern  e.xtension  is  densely  fon'sted. 

At  the  head  of  the  Silver  Creek  Meadows  then'  is  a  great  spring  of 
clear,  cool,  delicious  water,  at  which  a  military  fori  called  Camp 
Curry  was  formerly  located.  'J'he  spring,  with  <)thers  that  occur 
along  ils  niurse  farther  north,  is  an  important  source  of  supply  for 
Silver  Creek,  whicii  here  emerges  from  a  narmw  cauyuii  cut  in  a  bed 
of  rhyolitic  tuff  at  least  100  ftvt  thick,  the  rock  Uung  of  the  same 
nature  as  the  tuft'  nl  Burns,  and  presumably  a  conlinuation  of  the 
same  great  slicct. 

.\t  the  s]>riug  the  stage  road  from  Hums  to  I'rincville  makes  a 
sharp  turn  to  the  west  and  ascends  the  precipitniis  tioi-dcr  of  a  pla- 
tcaii.      The  rock  removed  in  gliidiiifi  revciils  exi'cllcnl  illustrations  of 
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the  angular  fragments  of  which  the  tuff  is  composed.  Highly  por- 
ous, it  has  been  leached  by  percolating  water  and  changed  from  the 
brown  color  that  unweathered  portions  usually  present  to  bright  pink 
and  even  white.  Resting  on  the  tuff  is  a  sheet  of  black  basalt  about 
20  feet  thick,  which,  by  protecting  the  weaker  rock  beneath,  has  led 
to  the  preservation  of  a  nearly  flat  table-land  many  square  miles  in 
area.  The  road  traverses  this  plateau  for  about  4  miles,  crossing  on 
the  way  the  desiccated  bed  of  an  ephemeral  lake,  surrounded  on  all 
sides  by  a  low  rim  of  basalt.  In  sununer  the  bed  of  this  lake  is  a 
smooth  playa,  but  in  winter  it  is  flooded  and  the  traveler  has  to  skirt 
its  northern  border. 

F0BE8TED   PLATEAU. 

To  the  west  of  the  generally  smooth  basaltic  plateau  the  road 
enters  an  extensive  plateau  region  that  has  been  somewhat  deeply 
dissected  by  streams.  The  surface  rock  is  rhyolitic  tuff  of  the  same 
character  as  that  of  the  sheet  so  well  exposed  along  Silver  Creek  to 
the  north  of  the  site  of  Camp  Curry.  A  remarkable  and  pleasing 
change  is  here  experienced  by  the  west-bound  traveler,  who  passes 
from  an  area  thousands  of  square  miles  in  extent  over  which  not  a 
tree  is  to  be  seen  to  a  region  covered  with  an  open  but  luxuriant 
forest.  For  10  or  more  miles  the  road,  which  is  smooth  and  hard, 
winds  through  the  forest,  now  descending  steep  valley  sides,  travers- 
ing beautiful  shadowy  vales,  and  again  ascending  to  the  level  of  the 
general  plateau  surface,  from  which  exquisite  pictures  of  the  prime- 
val forest  are  beheld  on  every  hand.  The  forest  is  composed  mainly 
of  yellow  pine,  as  yet  untouched  by  the  woodman,  and  gives  promise 
of  great  commercial  value  in  the  future  when  means  for  transporta- 
tion shall  have  been  provided.  Beneath  the  tall,  straight  pines  grow 
thickets  of  mountain  mahogany  resembling  groves  of  olive  trees, 
which  here,  as  in  many  other  localities  on  the  uplands  of  Oregon, 
add  picturesqueness  to  the  rocks  and  crags  among  which  they  make 
their  liomes.  The  forest,  so  welcome  after  weeks  spent  in  the  glare 
of  the  sun  on  gray  deserts,  extends  far  to  the  north,  and  probably 
continuously  to  the  Blue  Mountains  of  eastern  Washington.  In 
part  it  is  included  in  a  national  forest  reserve,  and  if  properly  cared 
for  and  the  mature  trees  harvested,  leaving  the  younger  ones  time 
to  grow,  will  be  valuable  for  ages  to  come. 

On  the  south  this  great  forest  terminates  abruptly,  and  from  be- 
neath the  shade  of  the  great  trees  on  its  margin  one  can  look  down  on 
the  bare  hills  of  the  desert  land  which  it  borders.  Yet  the  only  con- 
spicuous difference  between  the  forested  plateau  and  the  bare  hills  to 
the  south  is  the  nature  of  the  underlying  rocks,  the  plateau  being 
composed  of  rhyolitic  tuff,  while  the  hills  have  l)een  carved  mainly 
from  sheets  of  basalt.     Beneath  the  portion  of  the  forest  traversed 
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Ilic  jwrous  surfiiti"  i-ocks  drink  in  nil  lln>  watpi-  that  comes  to  thtnA 
aiid  permit  it  to  slowly  jlercolnte  nway  iind  feod  the  springs  and  the' 
sfreams  in  the  counties**  erosion  chamii'ls.  The  general  eJevntion  of 
the  forested  country,  tilmiit  5,000  feet,  is,  however,  greater  than  thatb 
of  the  vast  treeless  region  bordering  it  on  the  south,  thns  favoriti^ 
cooler  cliniatie  conditions  in  summer  nnd  retarding  eva|)orution,  andi 
the  precipitation,  especially  the  snowfall  in  winter,  is  prohablyi 
gi'eater  on  the  broad  upland  than  on  the  desert  valleys  with  thoif 
isolated  hills,  although  of  this  there  is  no  positive  record.  Mors 
study  is  retjuired  lo  show  which  is  the  determining  eaiise  leading  to 
such  a  conspicuous  change  in  the  flora.  In  fact  the  several  condit 
favorable  and  unfavorable  to  tree  growth  seem  to  be  delicately  bal- 
(inced.  and  the  special  factor  in  control  is  probably  not  the  same 
(hioiiglmut  either  the  foivwled  or  the  unforested  region. 

At  Buck  Creek,  which  flows  south  from  the  forestexl  piateiaii.  the 
Iliad  descends  to  the  extensive  sage-covered  plain  in  which  Crooked 
River  has  its  source  and  enters  Crook  County. 

WATER    RKSorRCBS. 

Thi^  rainfall  throughout  Harney  County  is  loo  small  to  permit 
agriculture  without  irrigation.  Owing  to  the  considerable  geiiei-al 
elevation — the  lowest  altitudn  being  the  surfacB  of  Malheur  Lakev 
which  is  about  4.]-"in  fi'ft  above  the  s<'a— and  the  elcarne^s  and  dry- 
ness of  the  air,  which  i>ern)it  active  radiation,  frosts  are  of  common 
occurrence  <Juring  every  month  of  the  year,  and  only  forage  {Plants 
can  be  expected  to  yield  adequate  returns  to  husbandry.  The  uplands 
and  valleys  alike  were  clothed  with  bimch  grass  while  in  a  state 
of  nature,  and  wherever  the  soil  was  naturally  moist  and  not  too 
alkaline  the  coarse  rye  gi'as.ses  formed  luxuriant  meadows.  These 
several  conditions  indicate  that  the  chief  farming  industries  must 
be  stock  raising  and  dairy  fanning.  The  problem  that  meets  the 
hydraulic  engineer  is  liow  to  utilize  the  available  water  supply  so  as 
to  best  servo  these  demands. 


Uirerx  and  HtretiMn. — The  surface-wnter  supply,  although  well 
known  to  the  residents  of  the  country,  has  only  just  liegun  to  receive 
critical  study.  About  all  has  already  lieen  done  that  can  be  acctini- 
plished  by  individuals  and  small  communities  in  the  way  of  diverting 
and  utilizing  the  summer  flow  of  the  streams,  but  the  nuiin  resource 
lies  in  the  direction  of  storing  the  winter  run-off  in  upland  valleys 
and  conducting  it  thnnigh  canals  to  the  most  favorable  jxirtions  of 
the  lower  valleys.  Then-  arc  but  two  streams  that  offer  favorable 
conditions  for  such  enterprises  on  a  large  scale,  namely,  Silvies  River 
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and  Donner  and  Blitzen  River.  Of  these  the  former  is  by  far  the 
more  favorable,  and  detailed  surveys  are  in  progress  by  the  United 
States  Geological  Survey  •  for  the  purpose  of  determining  accurately 
what  can  l)e  accomplished  by  means  of  it.  The  possibilities  of  Donner 
and  Blitzen  River  have  not  as  yet  been  considered  by  hydraulic  engi- 
neers, but  they  demand  careful  study,  such  general  knowledge  as  is 
available  concerning  the  valley  through  which  it  flows  certainly 
favoring  the  hope  that  advantageous  sites  for  storage  reservoirs  occur 
along  its  course. 

Water  pockets. — About  a  mile  north  of  Placidia  Butte  is  a  water 
pocket  500  or  600  feet  in  diameter,  capable  of  holding  4  or  5  feet  of 
water.  This  and  several  other  similar  depressions  in  the  same  region 
are  of  interest  not  only  on  account  of  their  value  as  watering  places 
for  stock,  but  on  account  of  their  origin.  Seemingly  they  are  depres- 
sions due  to  wind  erosion,  but  this  explanation  is  not  entirely  satis- 
factory, since  a  similar  basin  on  the  forested  plateau  to  the  north  of 
the  Silver  Creek  Meadows  has  a  rim  of  basalt  all  about  it.  These 
depressions  are  natural  reservoirs  in  which  water  collects  during  the 
winter  and  spring  months,  but  as  they  are  filled  to  a  depth  of  several 
feet  with  spft,  fine  silt  their  value  as  watering  places  for  stock  is  much 
impaired.  By  reexcavating  them  a  supply  of  water  sufficient  for  a 
large  nuimber  of  cattle  might  be  easily  and  cheaply  procured. 

HABNET  VAIXET. 

The  great  plain  forming  Harney  Valley  and  its  several  side  exten- 
sions offers  an  abundance  of  irrigable  land  suitable  for  forage  crops, 
far  more  in  fact  than  under  the  most  sanguine  hopes  can  ever  be 
reclaimed  through  the  use  of  the  water  flowing  from  its  bordering 
uplands.  There  is  an  urgent  demand  for  more  water  than  the 
run-off  can  supply,  and  to  secure  it  the  only  resource  is  to  obtain 
water  by  means  of  wells. 

Wells, — Ordinary  dug  wells  with  a  depth  of  less  than  100  feet  and 
usually  less  than  25  feet  have  proved  successful  in  many  portions  of 
Harney  Valley,  particularly  in  and  about  Lawen,  which  is  situated 
near  the  level  of  the  lowest  point  in  the  basin.  But  while  these  wells 
are  of  value  for  household  purposes  and  for  watering  stock,  little 
use  can  seemingly  be  made  of  their  water  for  irrigaticm.  The  hope 
for  water  for  irrigation  purposes,  in  addition  to  that  furnished  by 
surface  streams,  centers  on  a  subsurface  or  artesian  supply. 

As  explained  in  a  previous  report,^  Harney  Valley  is  located  in 
an  extensive  depression,  which  for  several  reasons  is  considered  to 

•  Second  Ann.  Rept.  Reclamation  Service,  U.  S.  Geol.  Survey,  H.  Doc.  44,  2d  se«s.  TiSth 
Cong.,  1904,  pp.  435-438. 

*  RnsseU,  I.  C,  PreUminary  report  on  artesian  basins  In  southwestern  Idaho  and  south- 
eastern Oregon  :  Water-Sup.  and  Irr.  Paper  No.  78,  U.  S.  Oeol.  Survey,  1908. 
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Ik'  an  artesian  bnnin  tlial.  may  U-  expi'ctfd  i<i  yield  a  valiial>i<'  water 
siiiipiy.  Tliii  fiivonibic  opinion  exprcssixl  in  Ihi!  n'|ioi'l  ri'fonvd  t^i 
in  reference  to  obtaining  arte&inn  water  was  Btrengtlione<l  liy  tlie 
observations  made  during  the  reconnaissance  which  fomis  the  basiw 
of  the  pre.sent  report,  and  the  advisability  of  putting  down  it  tv^t 
well  with  all  the  care  that  can  be  exercised  is  a|rain  nrged.  A  favor- 
able locality  for  such  a  test,  whicii  should  be  carried  as  deep  ait  pruc- 
licabte.  is  at  or  in  the  vicinity  of  T^awen. 

Water  utorage. — In  addition  to  Silvies  River  and  Doiiuer  and 
Rlitzen  River,  the  possibilities  far  storing  water  on  RattlesnAke 
Creek  above  the  village  of  Harney,  and  flls<)  the  advisability  of  oon- 
etrncting  small  reservoirs  on  Silver  Creek  al>ovi'  Riley,  need  to  be  in- 
vestigated; but  even  at  the  present  time  it  is  evident  that;  owinp  to 
liie  limited  water  supply,  the  best  returns  to  be  hoped  for  from  such 
undertakings  are  not  great. 

In  the  extensive  area  of  hilly  and  even  mountainous  coimtry  cjn- 
braced  in  the  southwej^tem  portion  nf  Harney  C'ounty  the  rainfall  is 
small — prttbably  less  than  10  inches — and  the  land  favorable  for 
irrigation  is  restricted  in  area  and  widely  scattered.  The  conditions 
do  not  seem  to  favor  the  storage  and  utilization  of  the  surface  water, 
and  there  is  no  suggestion  of  the  existence  of  an  artesian  supjily. 
This  extensive  region  is  favorable  for  grazing,  however,  bunch  grafts 
Iwing  abundant,  and  something  can  certainly  Iw  done  in  the  ditvction 
of  developing  springs"  and  of  deepening  nntural  water  pockets  so 
as  to  obtain  local  supplies  for  maintaining  stock  during  the  summer 
months. 

CROOK  COUNTY. 

CRDOKSn   RIVER. 

On  emerging  from  the  forest  that  occupies  such  an  extensive  area 
in  the  southwest  part  of  Harney  County  we  descended  Buck  Creek 
to  the  extensive  valley  at  the  east  base  of  Hampton  Butte,  in  which 
Crooked  River  has  its  source.  The  canyon  of  Buck  Creek,  which  was 
traversed  for  about  6  miles,  furnished  a  suggestion  as  to  the  charac- 
ter of  the  geology  of  the  series  of  hills,  or  deeply  dissected  plateau, 
through  which  it  flows.  The  canyon  is  from  500  to  600  feet  deep, 
and  has  a  conspicuous  rim  rock  of  basalt  on  each  side,  beneath  which 
there  are  at  least  700  feet  of  soft,  mostly  fine,  sedimentary  deposits, 
composed  in  part  of  volcanic  dust.  Along  the  canyon  there  is  in 
places  a  narrow  flood  plain,  which  gives  room  for  several  small  hay 
ranches.  Where  the  creek  emerges  from  the  canyon-  and  enters  the 
broad  valley  or  sagebrush  plain  to  the  south  its  water  soon  disappears, 

bounty,  Id'alio :   W&ter-Sup. 


BU88KLL.]  CROOK    COUNTY.  55 

and  even  its  former  channel  is  almost  lost  in  tlie  wind -deposited 
sands. 

GILCHBIST  VALtJ::Y. 

The  valley  at  the  head  of  Crooked  River,  in  which  Buck  Creek 
sinks,  is  about  20  miles  long  from  north  to  south  and,  in  general,  10  or 
12  miles  wide.  On  the  southwest  its  border  is  low  and  indefi|iite,  and 
in  a  general  view  it  seems  to  merge  with  the  Great  Sandy  Desert, 
which  extends  for  at  least  60  miles  in  a  southeast  and  northwest  direc- 
tion across  the  southeast  portion  of  Crook  County  and  far  into  Lake 
County.  This  valley  has  no  specific  name,  and  for  the  sake  of  con- 
venience, as  well  as  a  fitting  acknowledgement  of  the  enterprise  and 
industry  of  its  first  settler,  Mr.  C.  A.  (xilchrist,  whose  hospitable  home 
is  still  there,  I  propose  to  term  it  Gilchrist  Valley.  The  valley  con- 
tains, by  estimate,  fully  200  square  miles  of  rich  land,  the  gi-eater 
part  of  it  well  situated  for  irrigation.  Unfortunately,  there  are  no 
surface  streams  rising  in  the  bordering  uplands  that  can  be  looked 
to  for  water  enough  to  supply  a  single  square  mile.  In  a  state  of 
nature  not  only  the  valley,  but  the  surrounding  hills  and  buttes  on  all 
sides,  were  clothed  with  bunch  grass,  but  now,  owing  to  overgrazing, 
all  the  land  not  inclosed  with  fences  within  a  distance  of  about  (> 
miles  from  any  one  of  the  few  sununer  watering  places  is  practically 
a  desert. 

On  the  south  border  of  Gilchrist  Valley  rise  the  Glass  Buttes, 
to  which  reference  has  already  been  made,  with  bold,  rounded  sum- 
mits and  long,  sweeping  slopes,  which  make  them  particularly  attrac- 
tive, but  they  are  desert  mountains,  rising  from  a  featureless  and  ex- 
cessively arid  valley.  The  upland  area  on  the  north  side  of  the 
buttes,  which  slopes  to  Gilchrist  Valley,  is  extensive,  but  has  no  life- 
. giving  streams.  On  the  west  of  the  valley,  rising  boldly  from  its 
margin,  stands  Hampton  Butte,  a  mountain  mass  similar  to  the  Glass 
Buttes,  and  also  waterless,  so  far  as  streams  tributary  to  the  adjacent 
valleys  in  summer  are  concerned.  Uplands  border  the  valley  on  the 
east,  but  are  more  remote  and  of  less  height  than  those  on  the  west. 

Warm  springn, — Crooked  River,  which  has  its  source  in  a  group 
of  warm  springs  at  the  north  end  of  Gilchrist  Valley,  flows  north- 
ward through  an  irregular,  and,  in  part,  "  box."  canyon,  with  a  con- 
spicuous rim  rock  of  light-colored  rhyolitic  tuff  on  each  side.  Other 
springs  swell  its  volume  in  the  first  few  miles  of  its  course.  The 
land  about  the  springs  in  the  north  end  of  the  valley  has  been 
inclosed  with  fences,  and  the  water  that  rises  to  the  surface  used 
for  irrigation.  Small  storage  reservoirs  have  been  constructed,  with 
favorable  results.  The  land,  although  alkaline,  by  careful  irriga- 
tion has  been  made  to  yield  favorable  crops  of  hay. 

The  warm  springs  in  Gilchrist  Valley  are  not  only  of  interest  on 
account  of  the  use  that  is  now  being  made  of  their  waters,  but 
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bocauHp.  tliey  mijipK'nii'iit  otlu-r  cvidfiicc  pointing  to  the  prohability. 
that  ai-t(^iiiii  water  oaii  \n>  Itad  over  n  larjjc  portion  of  tlu>  Imsiti  in 
which  tliey  are  lorattHl.  The  upriiigs  raiigi'  in  tcniiwratnrp  fi-om  tiO" 
to  87°  F.  ami  an*  Hratterod  for  nbont  2  niilw*  along  a  narrow  north- 
and-sonth  Mt  They  art  all  small,  but  it  was  not  practiaihli"  t*' 
make  accurate  measurements  of  thpir  <li»char^K  at  the  time  uf  my-l 
visit,  owing  t«  the  fliwding  of  a  part  of  the  area  wh«re  they  rise 
by  the  atorapi'  rfwcrvoirx  tliat  havi^  lxt«n  t-onstructed.  Where  the 
wat*i-M  of  the  springs  are  combined  at  the  outlet  of  Ibe  vallwy.  thoy' 
make  a  crtfk  of  warm  wnt«r,  the  voliime  of  which,  by  a  rongh  esti-r; 
mafis  is  Ix'twwn  20  anil  2fi  niliir  fwt  per  r^H-ond.  Tlie  tvniperatitre'. 
of  the  water,  as  it  rise«  in  the  copious  springs,  indirnteH  that  it 
oomi^ti  from  a  considerable  depth.  The  rate  of  inen>as«  in  l«miwra- 
ture  with  depth  is  not  the  sjimi-  at  all  iKJints  on  the  eartJi's  Rurfaw, 
but  where  recent  volcanic  heat  is  not  present  is,  in  gi-nenil,  1"  F.  for 
each  50  to  (iO  feel  in  depth  UOow  the  wtratum  of  no  M-aHonal  varia- 
tion, which  in  Oregon  may  be  taken  at  aliout  50  f«a  twlow  tho 
aiirface.  The  stratinti  of  no  )*-»;ionHl  varialion  has  a  temi>erAtnro 
equivalent  to  the  mean  annual  temjMirature  at  the  surface,  which  in 
eenlral  Oivgon  is  nbout  1!!''  F,  .\_ssuming  tliat  the  rate  of  increase 
in  tem|>erature  with  depth  is  1^  for  eBc)i  TiO  fH!|,  we  find  Ihat  the 
ilc])(h  from  which  tlie  spring  in  Gilfhrist  Valley  are  (iuppUed  is 
iit  h'lisl  'J.-JOn  feet.  Perhaps  a  safer  estimate,  allowing  for  loss  of 
heat  as  the  water  rises,  would  be  2,500  feet.  At  about  that  depth 
there  is  a  supply  of  water  at  least  suificient  to  maintain  the  springs, 
which  appear  at  the  surface  continuously  throughout  the  year.  As 
the  springs  rise  through  openings,  in  part  at  least,  in  soft  material, 
there  mnst  be  lateral  seepage,  and  probably  much  loss  in  other  ways. 
These  springs  may  be  justly  termed  artesian  springs,  as  they  flow 
by  reason  of  the  pressure  of  wat«r  at  higher  levels,  and  render  it 
evident  that  if  wells  should  be  drilled  to  the  requisite  depth  near 
them  and  properly  cased  a  more  abundant  outflow  might  reasonably 
be  expected. 

Arteghn  wella. — While  the  presence  of  warm  springs  in  Gilchrist 
Valley  alone  would  furnish  a  strong  argument  in  favor  of  drilling 
wells  in  their  vicinity  with  the  hope  of  obtaining  artesian  water, 
other  facts  also  sustain  the  conclusion  that  they  are  situated  in  an 
artesian  basin. 

On  .itl  sides  of  Gilchrist  Valley,  except  the  northeast,  the  rocks 
dip  toward  it  in  such  a  way  as  to  be  readily  seen.  On  the  northeast 
the  country  rises  for  a  long  distance,  until  the  forest- covered  plateau 
drained  in  part  by  Silver  Creek  is  reached,  and  the  rocks  become  so 
nearly  horizontal  that  the  determination  of  their  dip  is  difficult.  On 
the  north  the  layers  of  basalt  and  volcanic  tuff  are  conspicuously 
flat,  bnl.  as  revealed  by  the  rim  rocks  on  the  sides  of  Crooked  River 
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Canyon,  are  gently  inclined  toward  the  south  for  a  distance  of  at 
least  10  mileK  The  hasty  examination  I  was  able  to  make  favors 
the  conclusion  that  Gilchrist  Valley  is  situated  in  a  structural  basin. 
The  rocks  passing  under  the  valley  are  in  many  instances  porous,  as 
may  l>e  seen  in  the  ea.stern  slope  of  Hampton  Butte,  along  Crooked 
River,  etc. ;  that  is,  they  are  of  such  a  nature  that  they  permit  wat^r 
to  percolate  through  them.  The  presence  of  impervious  layers,  or 
rocks  of  such  a  close  texture  that,  if  resting  on  a  pervious  bed,  they 
would  prevent  water  from  escaping  upward  from  it,  is  less  easy  to 
demonstrate,  and,  in  fact,  no  good  evidence  was  obtained  that  such 
l>eds  are  i)resent. 

WHiile  it  is  not  just  to  claim  from  the  observations  thus  far  made 
that  Gilchrist  Valley  is  in  reality  situated  in  an  artesian  basin,  the 
facts  presented  above,  and  the  impression  gained  while  traversing 
the  region  and  searching  for  adverse  as  well  as  favoral)le  evidence  as 
to  a  possible  artesian  water  supply,  certainly  favor  the  opinion  that 
a  true  artesian  basin  of  considerable  size  is  present. 

The  source  of  supply  of  the  water  rising  in  the  springs  referred  to 
is  most  probably  in  the  plateau  region  to  the  northeast,  and,  as  the 
volume  of  the  springs  and  the  extent  of  the  supposed  gathering 
ground  indicate,  will  probably  be  found  ample  to  supply  a  number 
of  artesian  wells. 

The  object  of  my  examination  was  mainly  to  determine  if  the  con- 
ditions present  warrant  the  expense  of  putting  down  test  wells  for 
the  purposes  of  demonstrating  the  presence  or  absence  of  water  under 
pressure.  To  this  question,  so  far  as  Gilchrist  Valley  is  concerned,  an 
affirmative  answer  is  abundantly  justified.  The  test  well  may  be 
located  anywhere  in  the  basin  where  flat  land  occurs,  but  would  serve 
its  purpose  best  if  put  down  on  the  north  and  south  axis  of  the 
valley,  anywhere  from  1  to  3  miles  south  of  the  Gilchrist  brothers' 
ranch,  on  which  the  most  copious  springs  come  to  the  surface. 

If  a  test  well  is  put  down,  a  careful  record  of  the  nature,  thickness, 
etc.,  of  the  rocks  passed  through  should  be  kept,  the  well  properly 
cased,  and  the  pressure  of  the  water  in  every  water-bearing  layer  met 
accurately  measured.  Suggestions  in  these  and  other  directions, 
together  with  a  list  of  reports,  papers,  etc.,  relating  both  to  the 
theory  of  artesian  water  supply  and  the  art  of  well  drilling,  have 
l^een  presented  in  a  previous  report.** 

PBICE   VALLEY. 

From  the  foot  of  Gilchrist  Vallev  our  route  led  westward  to  the 
now  abandoned  post-office  of  Price,  situated  on  Camp  Creek,  at  the 
south  base  of  Mutton  Mountain. 

"  Ruasell.    I.    C,    Preliminary    report    on    nrtesian   basins   in    southwestern    Idaho   and 
southeastern  Oregon:   Water-8np.  nrd  Irr.  Taper  No.  78.  U.  8.  Q«o\.  ^x«^«^ ,  V^*?*, 
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At  (he  (tullel.  of  Gilchrist  Valley  a  lied  of  conspicuously  columnar 
rhyolitic  tnfT,  about.  20  feet  fhick,  which  dii>s  west  at  an  angle  of  about 
8°,  is  well  exposed.  (Pi.  III.)  The  direction  of  the  inclination  of 
this  and  of  other  similar  blocks  in  the  vicinity  is  not  the  same,  and  in 
miiny  instance-s  is  to  be  ascribed  to  landslides  rather  than  movements 
having  a  more  general  cause.  The  prevalence  of  sheets  of  compact 
tuff  aud  of  basalt,  resting  on  soft  sedimentary  beds  or  on  shciets  of 
tine,  incoherent  volcanic  dust  and  lapilli,  affords  favorable  conditions 
for  the  occHrrenc*"  of  landnlide-s  throughout  an  extensive  region 
drained  by  Crooked  River  in  the  upper  portion  of  its  course  aud  by 
Camp  Creek,  its  principal  tribntBi-y  from  the  west.  Along  the  can- 
yon walls  of  these  streams  numerous  illustrations  of  landslide  topog- 
rii|)hy  are  conspicuous. 

The  uplands  ttetween  Gilchrist  and  Price  valleys  bear  evideiiii?  of 
long-continiiMl  weatliering.  and  stand  in  reJief  above  the  adjacent 
^'alleys  bei^ause  of  the  resistance  offered  to  erosion  by  the  widely 
extended  sheet  of  rhyolitic  tuff  of  which  mention  has  already  lieen 
made. 

Camp  Creek  has  excavated  in  soft  sedimentary  beds  a  valley  in 
general  -100  or  500  feet  deep  and  about  2  miles  wide.  From  its  bend 
to  a  narrow  outlet,  thi'ough  which  the  stream  escapes  through  a  can- 
yon t«  join  Ci"ooked  River,  is  a  distance  of  alwut  8  miles.  In  this 
basin,  which  it  is  I'onvenicnt  to  icnn  Price  Valley,  there  are  abundant 
outcrops  of  fine  gravel  and  light-greenish  shales,  which  in  several 
localities  have  been  weathered  into  typical  badland  topographic 
forms,  as  illustrated  by  PI.  IV.  Much  of  the  south  side  of  the  valley 
is  crowned  by  a  conspicuous  rim  rock  of  rhyolitic  tuff,  while  the 
north  side  is  more  irregular  and  rises  precipitously  to  form  Mutton 
Mountain,  the  rocks  of  which  are  basalt.  Basalt  also  forms  a  con- 
spicuous remnant  left  by  erosion  on  the  south  side  of  the  valley. 

John  Day  formation. — The  soft  fresh-water  sedimentary  beds  so 
well  exposed  in  Price  Valley,  ])articular]y  near  its  head,  have  become 
known  to  geologists  on  account  of  the  large  number  of  well-preserved 
fossil  bones  discovered  in  them,  and  have  been  shown  (o  be  a  part  of 
the  John  Day  system.  Judging  from  their  close  litholo^cal  simi- 
larity to  the  John  Day  beds  at  typical  localities  adjacent  to  the  river 
after  which  they  are  named,  descriptions  of  which  have  been  pub- 
lished by  John  C.  Merriam,"  the  lower  and  middle  members  of  that 
series  are  rejjrcsented,  but  I  am  in  doubt  as  to  the  presence  of  the 
upl>er  member.  However,  previous  observers  refer  the  beds  in  ques- 
tion to  the  middle  and  upper  John  Day. 

a  A  contrlbullon  to  the  geology  of  the  John  Day  bagln ;  Bull,  Depl.  Geology  DnlTerattj 
of  California,  vol.  2.  Berkeley.  Cul..  1001.  pp.  26t)-31G.  In  thle  paper  aunimariM  of 
IirevlouB  wrltlDgB  pertnlDlii)'  to  tlio  John  Day  formntlnn  lire  prenentnl.  A  deaerlptlnn 
of  tbi>  foBBll  flora  of  tbe  John  Pay  forcnatlon.  anil  n  dlHcuHnlaa  of  Its  geologic  age.  an 
Iire.-'enlei]  by  I'.  II.  Knowlton  In  Bull.  IL  S.  Oeol.  aiirrey  No.  204,  1B02. 
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The  lowest  exposures  in  Price  Valley  consist  of  soft,  highly  colored 
shales,  among  which  dark-red  hiyei-s  are  conspicuous.  Associale<l 
with  these  are  similar  l)eds,  ranging  in  color  from  buff  to  white,  and 
composed,  to  some  extent  at  least,  of  volcanic  tuffs.  These  l>eds,  on 
weiithering,  produce  rounded  hills,  in  the  sides  of  which  the  variously 
colored  layers  make  concentric  bands.  These  beds  at  least  may  be 
provisionally  referred  to  the  lower  Jolm  Day. 

Resting  on  the  vari-colored  Ix^ds  just  dascribed  are  evenly  stratified, 
bluish  green  shales  having  a  dip  of  about  15°  to  the  northeast,  which 
are  well  exposed  and  form  the  most  conspicuous  outcrops  of  the  val- 
ley. Their  thickness  was  not  measured,  but  is  evidently  considerable, 
probably  amounting  to  3,000  or  more  feet.  Near  Price  the  conspic- 
uous bluffs  of  these  bluish  green  shales  have  been  penetrated  by 
prospecting  tunnels,  in  which  the  fresh  rock  has  been  revealed. 

The  lx»st  exposures  of  the  bluish  green  shales,  here  referred  to  the 
middle  John  Day  on  account  of  their  similarity  to  the  rocks  of  that 
formation  as  described  by  Merriam,  are  seen  between  Indian  Creek 
nnd  West  Camp  Creek,  where  fine  examples  of  badland  topography 
occur.  At  this  locality,  rising  from  a  most  instructive  group  of 
deeply  sculptured  and  artistically  beautiful  hills  and  ridges,  is  a 
prominent  landmark  known  as  I^ogan  Butte,  which  is  capped  by  a 
remnant  of  a  resistant  layer  of  rhyolitic  tuff.  The  main  portion  of 
the  butte  and  of  all  of  its  flanking  ridges,  as  well  as  of  the  associated 
but  lesser  buttes,  has  been  carved  from  these  light-colored  shales.  In 
these  beds  numerous  well-praserved  bones  of  extinct  mammals  have 
been  found,  but  only  a  few  imj^erfect  specimens  were  obtained  during 
my  visit.  A  view  of  Logan  Butte  as  seen  from  the  south  and  a  nearer 
view  of  its  capping  layer  of  resistant  rhyolitic  tuff  are  presented 
on  PI.  V,  A  and  B.  The  most  interesting  feature  of  the  section  ex- 
posed is  the  presence  beneath  the  capping  layer  of  tuff  of  nearly  hori- 
zontal beds  of  dark-l>rown  and  reddish  shales,  volcanic  dust,  and 
conglomerate,  which  rest  imconformably  on  the  eroded  surface  of  the 
conspicuously  inclined  middle  John  Day  beds.  These  features  are 
shown  in  more  detail  in  the  following  section  of  the  upper  portion  of 

the  butte : 

Oeologic  section  of  Logan  Butte,  Crook  County,  Oreg. 

Feet. 

1.  Compact,  massive,  homogeneous,  liRht-brown  tuflf,  with  many  angniair 

fragments ;    no  stratification  lines ;    strongly  jointed  verti(*ally ;  n»sts 
evenly  and  confonnably  on  the  l)ed  below 50 

2.  Dark-red  or  brown  sandstone  passing  below  into  yellowish  brown  strati- 

fled  sandstone,  in  part  tufT 3.T 

3.  Fine  white  volcanic  dust  or  tuflf 2 

4.  Brown  sandstone,  soft  but  weathering,  with  steep  escarpments 8 

5.  Conglomerate  composed  of  well-worn  pebbles  0  to  8  inches  in  diameter, 

and  varying  in  thickness 0to8 

U  ncfmformity. 

C.  Blue-green  and  butt  shales,  dipping  northeast  15°  to  18**,  evenly  lami- 
nated, thickness  exi)osed  estimated  v\t "^^^ 
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Wiether  the  "iratifiisd  spHimentary  lieds  above  tht;  uiKronforrnity 
noU'il  in  llii'  si'diim  should  Ix*  flji9si'<!  as  iipi)er  tlolin  Day  or  as 
,   beluiiging  to  a  higher  foi-niBtion  rfumins  tn  Ih-  d('t«rmini'd, 

Infornintioii  in  (his  connection  has  Ixwn  supplied  by  Prof.  John  ('. 
Mprriam,  of  the  University  of  California,  who  In  ii  letter  dated 
January  15,  1904,  writes  as  follows: 

Tbe  expoBureH  at  Joliu  Dny  Ix>«1b  nt  Piiw,  Crook  Oouiity,  Oreg..  wefi'  vUUed 
t)y  Mr.  V.  0.  OBiiwnt,  of  tbe  Uulversltj'  of  fallfurclti.  In  IBOll.  and  from  hin 
notcB  1  (luute  the  followliii; : 

"At  lAgftD  Butte  Itwlf,  between  SOO  und  DOG  I(«t  of  Ibi^  Ulut^  1i«1k  {middle 
JdIiii  Dh}')  lire  rxiKined.  *  ■  *  Ou  tbe  iiorttienHt  side  nr  tlie  batte  tliey  iim.v 
Ih>  tnired  down  the  vntley  without  a  brenk  for  11  iii1Ii-m.  mid  Ilien  are  covered 
wltli  aJIuvluui  for  a  milt;,  tlieii  n»  the  KTOimd  rliMm,  huff  Nxlii  (u|>|>er  John  Day) 
fur  ono-hnJf  uille  occur.  Wherei-er  exposod  the  IhhIw  refernil  tu  liiivr  ii  dip  of 
nlHiut  15°  to  ttie  iiortlienst" 

■ludging  from  Mr.  Oamont's  deacrliitiou.  uint  fiimi  tlii>  eollectkiUH  wideh  be 
lunde  at  Ixtgaii  Butte.  I  auptK»*e  hoth  the  upiMT  niiit  mlildle  dlvlHlDiiH  nt  tbe 
HJflteDi  to  be  present.  I  do  not  remember  wbelher  I  lime  mentioned  any  uiicuii- 
foniiltf  nn  exititing  betn'een  tbo  m1ddli<  nnd  ii]>|ici'  .lolin  Itiiy.  At  one  loiiilit}- 
nn  the  John  Day  River  tba^e  fteemx  to  1m>  an  eroRlon  Interval  represented  t>e> 
tween  these  two  dlrlBJons. 

The  fonuatloii  wblcb  yon  pieiitlon  aa  roallnK  unecmfomiably  on  the  middle 
John  Day  at  Lognn  Hntte  la  deactibed  aa  fidtowsi  In  .Mr.  OHiiiimt'H  iiutca; 

"The  iM|^MQHnnBKBK5'^'°°  **?  "  horlcontal  layer  of  ver;  much 
more  rWM|^HH^|^^HH|^p|wt>-  tbe  hard,  IlKht,  reddish  eoluranar  tuff 
which  a^wlMHi^RnnlPwbp  Fork  (Mnrshnll  formation).  Thin  tuff 
restn  unconfarmably  and  horlisontall.v  oii  tlie  udddle  or  iNisslhly  tbe  top  of  tlie 
blue  bedB  (middle  John  Day),  tbe  tuff  beda  <u|>per  John  Day)  and  the  upper- 
most part  of  tbe  blue  beds  having  tieen  cut  away  at  this  point  This  recent 
formation  Is  ninde  up  nt  <t>luiniis  :tO  to  40  feet  thmuRh  and  DO  to  75  feet  liiKb. 
Beneath  It  are  three  or  four  distinct  layers  of  red,  blue,  and  yellow  clay  with 
white  volcanic  ash.  The  total  thickness  of  this  formation  averages  about  'Tt 
feet." 

At  the  time  of  Mr.  Osmont's  visit  lo  Logan  Butte  I  bad  not  named  and  de- 
scribed tbe  Rattlesnake  formation,  which  yuu  will  And  mentioned  In  my  i>a|>er.a 
After  his  return,  Mr.  Oamont  Informed  me  that  tlie  formation  at  Logan  Butte 
was  almost  exactly  similar  to  tbe  Rnttleaniibe  fonnation  of  tlie  John  Day 
Valley. 

Volcanic  rockn. — The  conspicuous  capstone  of  Logan  Butte  is  a 
remnant  of  a  widely  extended  sheet,  other  and  far  larger  portions  of 
which  form  the  surfaces  of  table-lands  a  few  miles  distant  to  the 
south  and  cast.  This  sheet,  as  noted  on  the  previous  page,  is  well 
exposed  in  the  rim  rocks  of  Camp  Creek  and  Crooked  River  canyons, 
and  the  soft  beds  beneath  it  are  probably  portions  of  the  widely  ex- 
tended John  Day  formation. 

At  several  localities  on  the  borders  of  these  canyons  the  layer  of 
tuff  presents  two  well-marked  divisions,  but  there  is  no  distinct  plane 
of  separation  between  them.     The  upper  jwrtion  of  the  bed,  which 

•  ITnlv.  Calirornla,  Bull.  CeiiJ.   I)c|)l..  rot.  'i.  pp.  S96-314. 
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frequently  has  a  thickness  of  40  feet,  is  massive  and  of  a  brown 
color,  and  at  its  base  passes  abruptly  into  a  still  more  massive  layer, 
which  at  times  has  the  appearance  of  shale  and  is  nearly  black  in 
color  owing  to, the  presence  of  numerous  thin  angular  fragments  of 
rhyolite  with  "  perlitic  "  structure.  The  thickness  of  the  lower  divi- 
sion, where  best  seen,  is  exposed  for  30  feet  without  revealing  its 
base.  The  entire  bed  is  frequently  strongly  jointed,  the  columns  pro- 
duced being  at  times  as  prominent  as  in  the  case  of  well-jointed 
basalt,  the  joints  passing  from  one  division  of  the  bed  to  the  other 
without  change,  thus  showing  both  portions  to  be  products  of  the 
same  period  of  deposition.  The  differences  in  the  two  divisions  of 
the  layer  are  no  doubt  due  to  changes  in  the  nature  of  the  volcanic 
fragments  which  were  showered  on  the  land,  and  form  the  entire  de- 
posit. The  absence  of  stratification  in  this  and  other  similar  sheets 
of  volcanic  debris,  and  also  the  fact  that  in  some  instances  the  thin, 
plate-like  fragments  entering  into  their  composition  stand  on  edge, 
are  evidences  that  the  tuff  fell  on  land  and  is  not  a  water-laid  deposit. 
The  difference  just  noted  between  the  upper  and  lower  portions  of 
the  tuff  sheet  in  question  is  thought  to  furnish  a  means  for  identifying 
it  at  widely  separated  localities. 

Artesian  conditions. — In  the  central  portion  of  Price  Valley  there 
are  springs  with  a  temperature  of  67°.  Near  them  two  wells  have 
been  drilled,  each  of  which  reached  water  under  sufficient  pressure  to 
cause  free  discharge  at  the  surface.  The  record  of  one  of  these  wells, 
furnished  in  part  by  Richard  Hurley,  is  as  follows : 

Completed  in  1885 ;  bored  with  hand  auger ;  diameter,  2  inches ;  total  depth, 
229  feet;  reached  water  under  pressure  at  130  feet,  which  rose  about  20  feet 
above  the  surface  of  the  ground;  discharge  estimated  at  12  cubic  Indies  per 
second ;  water  hard  and  tasted  of  sulphur ;  temperature,  73° ;  lower  1(X)  feet 
of  well  yielded  no  additional  supply  of  water;  material  passed  through 
reiM)rte<l  to  be  clay;  owing  to  a  disturbance  of  the  discharge  pli)e  on  bending 
it,  most  of  the  flow  was  lost;  water  used  for  irrigation  and  fann  puriwses. 
The  other  well,  situated  about  380  yards  northeast  of  the  one  Just  descritied, 
depth  not  ascertained,  also  yielded  artesian  water. 

The  structure  of  the  sedimentary  beds  in  Price  Valley  gives  no 
indication  of  the  presence  of  a  synclinal  basin — that  is,  the  inclina- 
tions of  the  strata  do  not  correspond  with  those  found  in  such  l>asins 
as  commonly  yield  water  under  pressure.  The  temperature  of  the 
water,  73°  F.,  indicates  that  it  comes  from  a  much  greater  depth  than 
that  of  the  boring  through  which  it  rises,  and  probably  from  at  least 
1,800  feet  below  the  surface.  These  two  facts  favor  the  conclusion 
that  a  deep  artesian  basin,  or  other  conditions  favoring  the  storage  of 
water  under  pressure,  exists  l)eneath  the  formations  outcropping  in 
the  valley. 

These  two  successful  artesian  wells,  neither  of  which  has  been  cased, 
and  one  of  which  gave  an  artesian  head  of  at  least  20  feet  above  the 
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siii-fmr<i  (jf  tlip  groiiiiij  whci-e  it  was  drilled,  am  an  assurance  that 
ntlier  wells  put  down  tii  a  di-pth  ofalwut  150  feet  in  (he  portion  of 
the  valley  where  they  are  Kx-ulwi  would  meet  with  equally  favornhl© 
results.  At  a  distance  of  over  a  mile  from  the  existing  artesian  wolls. 
drilling;  will  very  likely  have  to  Iw  carried  deeper  than  IJO  feet,  but 
hope  of  obtaining  a  surface  flow  should  not  be  abandoued  so  long  as- 
soft  rocks  are  met. 

There  is  a  large  body  of  excellent  land  in  Price  Valley  which  iTrtRi 
not  be  irrigated  by  means  of  surface  streams,  but  which  should  b» 
rendered  of  value  by  the  presence  of  water  under  pressure  at  sninll.  i 
<leplh,  provided  rigid  economy  and  common  sense  ar*  exercised  inv 
utilising  the  supply. 

Drilling  in  Price  Valley,  as  has  already  been  demonstrated,  can 
Iwj  done  with  ii  hand  auger  to  a  depth  of  at  least  200  feet,  but  c^ci, 
well  put  down  shonid  be  properly  cased,  and  if  a  surface  flow  iS' 
obtained  the  water  sliould  Ire  shut  off  when  not  being  utilized. 

Recent  eronion. — The  floor  of  Price  Valley,  when  seen  from  its 
north  or  south  Ix>rder.  presents  the  appearance  of  a  smooth  !iag»-" 
bnish-covered  plain.  In  crasaing  tlie  valley,  however,  one  finds  that 
its  surface  is  intersected  by  arroyos,  or  small  canyons,  fhniugh  which 
water  flows  during  the  wet  season.  Joining  the  main  trenches  are 
several  branches,  each  of  which  has  the  characteristics  of  r  younj^., 
stream-cut  canyon.  The  main  trench,  which  follows  the  longer  axis 
of  tlir-  viilk'v.  ranges  from  m  u^  100  fe..'l  in  width,  is  approximately 
25  feet  deep,  and  has  vertical  walls  throughout  the  greater  portion 
of  its  course.  The  walls  of  the  arroyos  reveal  admirable  sections 
of  the  unconsolidated  silts  of  recent  date  which  floor  the  valley  and, 
together  with  the  recent  erosion  that  has  taken  place,  present  facts 
of  mucli  interest.  The  appearance  of  the  main  trench  about  2  miles 
east  of  Logan  Butte  is  shown  on  PI.  VI,  A. 

The  upper  17  to  20  feet  of  the  arroyos'  walls  are  composed  of  fine, 
gray,  silt-like  material  which  reveals  obscure  laminte  but  no  conspic- 
uous stratification.  Beneath  the  silt  there  is  an  irregular  .sheet  of 
gravel  from  0  to  6  feet  in  thickness,  which  rests  on  the  eroded  edges 
of  layers  of  weathered  shale  like  that  exposed  in  the  valley  sides, 
and  presumably  belongs  to  the  John  Day  formation. 

The  interpretation  of  the  condition  descriU'd  is  that  Price  Valley 
was  excavated  in  the  John  Dii\  Iwds.  and  tiien  filled  to  a  depth  of 
about  20  feet  with  fine-grained,  stream -deposited  silt.  The  silt  is  a 
flood-plain  deposit,  the  counterpart  of  which  can  l)e  seen  in  many 
places  along  the  bordei-s  of  streams  throughout  the  arid  portion  of 
Oregon.  These  deposits  correspond  in  age  anil  in  mode  of  deposi- 
tion with  the  adobe  and  related  dcjjosits  of  the  Great  Basin  and  of 
oth(4'  jKii-tions  of  the  arid  region  of  the  Pacific  mountains.  After 
the  valley  was  filled  to  the  dejith  stated  a  change  occurred  in  tlie 
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action  of  the  streams.  Instead  of  continuing  to  deposit  silt  and  raise 
the  fl<K)r  of  the  valley,  they  began  to  erode,  not  only  cutting  through 
the  soft  bed  of  silt  and  the  irregular  sheet  of  stream-deposited  gravel 
on  which  that  material  rests,  but  even  in  places  excavating  channels 
to  a  depth  of  4  to  G  feet  in  the  underlying  Tertiary  shales. 

The  change  that  caused  the  streams  to  excavate  instead  of  deposit 
was  certainly  very  recent,  probably  dating  back  only  about  fifteen  or 
twenty  years,  although  no  note  of  its  occurrence  seems  to  have  been 
taken  by  residents  of  the  region.  The  renewal  of  the  energy  of  the 
streams,  however,  is  a  part  of  a  widely  extended  change,  some 
account  of  which  has  already  been  recorded,*  and  probably  coincides 
with  the  introduction  of  domestic  animals  in  such  numbers  that  the 
surface  covering  of  bunch  grass  was  largely  destroyed,  and  in  conse- 
quence the  run-off  from  the  hills  accelerated. 

HAMPTON   BUTTE. 

Rising  boldly  from  the  northeast  border  of  the  Great  Sandy  Desert, 
in  the  southeastern  portion  of  Crook  County,  is  a  much  eroded  vol- 
canic mountain  known  as  "  Hampton  Butte."  When  the  geologic 
story  of  central  Oregon  is  written,  this  butte,  together  with  the  Glass 
Buttes  of  similar  history,  15  miles  to  the  southeast,  will  occupy  a 
leading  place,  since  each  of  these  elevations  was  built  by  explosive 
volcanic  eruptions  which  discharged  acid  lavas  and,  as  seems  prob- 
able, furnished  much  of  the  material  for  the  formation  of  the  widely 
extended  tuff  sheets  which  form  the  surface  over  hundreds  of  square 
miles  of  the  adjacent  country.  In  the  history  of  each  of  these 
ancient  volcanoes  there  are  two  prominent  chapters,  one  dealing  with 
their  construction  or  upbuilding  and  the  other  with  their  destruction 
or  erosion. 

GEOLOGY. 

Hampton  Butte  has  an  elevation,  as  determined  by  aneroid  meas- 
urements and  subject  to  probably  important  corrections,  of  about 
2,500  feet  above  the  nearly  levej  surface  of  the  broad  desert  plain  to 
the  south.  Its  base  is  irregular  in  outline,  owing  principally  to  the 
deep  dissection  of  its  sides  by  stream  erosion,  but  in  general  measures 
about  6  miles  in  diameter.  The  butte  has  three  prominent  summits, 
the  one  farthest  southeast,  on  the  site  of  the  mountain's  peak  when 
in  its  prime,  is  higher  than  its  companions.  It  is  composed  of 
massive  andesitic  lava,  and  is  the  deeply  eroded  summit  of  the  col- 
umn of  rock  that  cooled  and  hardened  in  the  conduit  of  the  volcano. 
The  peak  about  1  mile  distant  to  the  west  of  the  central  core  is  also 
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^ft  of  solid  lava,  but  seeiiis  to  bf  part  of  a  lava  ll(w;  aoil  the  prominent 
■  ridgB  about  1  mile  north  of  the  siininiit.  like  tht'  gi-eater  part  of  the 
f  butte,  is  composed  of  volcaiiin  agglomerate.  On  all  sides  of  Ihc 
biitte.  forming  its  widely  extended  slopes,  are  beds  of  stratifietl 
agglomerate,  which  dip  away  from  its  central  portion  in  all  directions 
at  angles  in  general  of  from  3  to  5  degree.s.  The  dip  of  these  ImmIs 
decreases  with  distancv  from  tiie  %'ent  from  which  llie  material  com- 
posing them  was  blown  out.  and  the  component  fi-agments  show  a 
da-j-ease  in  size  in  the  siinio  directions.  The  agglomerate  exposed  in 
the  border  of  the  butte  at  a  distance  of  2  or  3  miles  from  its  summit, 
oon.sists  largely  of  angidar  blocks  of  light-colored  lava  ranging  from 
2  to  4  feet  in  diameter,  firmly  held  in  a  compact  matrix  of  angular 

k  volcanic  sand  and  gravel.  It  weathers  into  monumental  forms, 
admirable  examples  of  which  oi-cur  on  the  northeast  sidi'  of  the  Imlte. 
overlooking  Gilchrist  Valley  (PI.  VII)  and  at  man\  other  neighbor- 
ing localities.  The  thickness  of  the  agglomerate  tied-^  on  the  sides 
of  the  butt«  is  not  less  than  1,200  feet,  though  u  full  measure  was 
not  obtained. 

An  exception  to  the  statement  that  Uampton  Butte  is  oom^xised 
of  andesitic  lava  and  fi'agniental  material  of  the  same  nature  occurs 
on  its  southeast  side,  and  in  a  neighboring  but  mtimately  associated 
ridge,  sometimes  termed  "  Cougar  Butte,"  m  which  black  rock  resem- 
bling basalt  is  well  exposed.  The  eruptions  which  furnished  the 
black  rock  were  evidently  Ink-r  than  the  pi-riori  of  nativity  of  the 
andesitic  volcano  which  built  the  main  portion  of  the  mountain,  but 
their  full  history  remains  to  be  studied. 

The  records  now  exposed  and  clearly  legible  show  that  Hampton 
Butte  was  at  one  time  a  conical  mountain  much  higher  than  at  pres- 
ent, and  as  may  be  judged  from  analog^'  with  other  similar  volcanic 
piles  that  are  yet  in  their  prime,  formerly  had  a  crater  with  an 
encircling  rim  of  lapilli  at  its  summit.  All  vestiges  of  such  a  crat«r 
have  disappeared,  however,  and  the  once  smooth,  sweeping  slopes  of 
the  conical  pile  have  l)een  deeply  trenched  by  streams  which  flowed 
away  from  its  central  portion  in  all  directions.  Ten  or  twelve 
gulches  carved  by  these  streams  still  lead  downward  to  the  bordering 
plains.  The  butte  now  presents  a  rugged  surface;  nearly  every- 
where the  soil  is  composed  of  light-colored  volcanic  sand,  contain- 
ing many  loose  blocks,  and  has  \>een  formed  principally  by  the 
disintegration  of  the  agglomerate  l>eds  on  which  it  rests.  The  rain 
that  falls  is  at  once  absorbed  and  surface  rills  are  uncommon,  but  cold 
springs  come  to  the  surface  in  most  of  the  gulches  and,  as  noted  below, 
have  an  instructive  relation  to  the  stratification  of  the  beds  from 
which  tliey  issue.  The  hills  and  the  valleys  alike  are  clothed  with 
lu.Kuriant  bunch  giass  and  the  north  sides  of  several  of  the  ridges  bear 
beautiful  groves  of  yellow  pine,  showing  a  delicate  adjustment  in  the 
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distribution  of  soil  moisture.  I^ess  restricted  in  their  distribution 
than  the  pine  and  extending  far  out  on  the  bordering  plains  are  open 
growths  of  juniper  trees. 

WATER   BESOUBCES. 

Hampton  Butte  is  not  not  only  isolated  in  reference  to  its  associated 
mountains,  but  is  also  remote  from  centers  of  industry  and  far  re- 
moved from  usual  routes  of  travel.  On  the  north  its  nearest  neighbor 
of  comparable  prominence  is  Mutton  Mountain,  about  12  miles  dis- 
tant, and  on  the  southeast  the  Glass  Buttes,  about  15  miles  away, 
across  a  nearly  level  sagebrush  plain.  In  all  other  directions  compar- 
able elevations  are  remote.  There  are  a  number  of  cabins  about  the 
butto,  all  occupied  by  energetic  and  most  hospitable  ranchers.  The 
watering  places  have  been  inclosed  by  fences,  and  small  areas  about 
the  lower  slope  of  the  butte  are  irrigated  and  produce  good  hay  crops 
and  some  wheat.  The  value  of  the  butte  and  the  region  about  it, 
however,  lies  almost  solely  in  its  excellent  pastures,  its  usefulness  as  a 
stock  range  being  due  largely  to  the  fact  that  it  is  an  outpost  of  indus- 
try in  a  generally  waterless  land.  To  the  south  the  great  desert, 
which  in  winter  furnishes  abundant  pasturage,  extends  without  a 
resident  for  40  or  more  miles,  while  the  butte  itself  is  so  thinly  settled 
and  the  extent  of  the  uninhabited  country  about  it  so  vast  that  it  is 
still  almost  in  a  state  of  nature.  Its  grasses  are  still  luxuriant,  and 
deer  and  antelope  continue  to  make  it  their  home;  mountain  sheep 
were  formerly  abundant,  but  have  now  vanished. 

The  remoteness  of  Hampton  Butte  from  all  commercial  centers,  the 
abundance  of  grass  on  its  hills  and  vales,  the  number  of  its  cool 
refreshing  springs,  the  beauty  of  its  groves  of  whispering  pines  and 
junipers,  and,  perhaps  more  than  all,  the  almost  continuous  sunshine 
that  bathes  its  breezy  slopes,  make  it  wonderfully  attractive  to  the 
traveler,  from  whatever  land  he  may  have  wandered.  As  a  health 
resort  and  place  of  rest  and  recreation  it  has  but  few  rivals. 

SpringH, — Hampton  Butte,  as  stated  above,  is  located  in  an  arid 
region  and  in  the  midst  of  broad  plains  on  which  there  is  scarcely  any 
perennial  water.  The  demand  for  water  is  very  great,  not  only  for 
irrigation,  but  for  watering  stock  and  for  household  purposes.  To 
meet  this  demand  the  only  source  of  supply  now  utilized  is  the 
scanty  outflow  from  springs. 

About  the  butte,  at  an  elevation  of  approximately  5,000  feet  above 
the  sea,  or  1,000  feet  below  the  highest  summit,  there  are  several 
springs,  for  the  most  part  of  small  volume.  They  are  located  in 
gulches  eroded  in  the  outward -dipping  sheets  of  agglomerate  and  tuflf 
which  surround  the  central  plug  of  lava,  and  come  to  the  surface  where 
retentive  strata  outcrop.  The  retaining  layers,  as  indicated  in  at  least 
BnU.  352—05  M 5 
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two  instances,  are  thidi  beds  of  coarse  but  firmly  ceincnteii  agglomer- 
ate. On  account  of  the  dip  of  the  Iwds  of  agglomerate  and  the  mnn- 
ner  in.  which  radiating  gulches  have  been  excavated  in  them,  the  more 
i-esistant  beds  extend  far  toward  the  summit  of  the  butte.  on  the  crests 
of  the  ridges  tietween  the  radiating  gulches,  in  the  bottom  of  wliicli 
their  lowest  outcrops  occur.  The  springs  are  all  cold,  their  tempera- 
ture  being  from  51°  to  53°  F.^and  their  source  nf  supply  is  clearly  tho 
rain  and  snow  that  fails  on  the  butte  alx)ve  the  ontcrops  of  the  reten- 
tive layers,  which  cause  the  water  to  appear  at  the  surface. 

The  conditions  jnst  described  render  it  evident  that  something  can 
be  done  in  tlie  way  of  improving  the  springs  and  conserving  tlie  water 
that  now  jwrcolates  away  and  is  lost.  The  bet^t  method  of  doing  this 
is  to  excavate  tunnels  in  the  rocks,  lieginning  a  few  feet,  or  rather 
as  low  as  practicable,  below  where  a  spring  now  appears  and  continu- 
ing the  excavations  toward  the  center  of  the  butte  with  a  gently  rising 
gradient  until  the  retentive  bed  h  passed  through  and  more  porous 
material  reached.  The  tunnel  should  then  l>e  extended  in  two 
branches,  like  the  arm  of  the  letter  Y,  so  as  to  intercept  and  furnish 
a  free  escajie  for  the  percolating  water.  The  length  of  the  main  tun- 
nel in  each  instance  would  have  to  Iw  governed  by  local  conditions, 
and  chiefly  by  the  thickness  and  dip  of  the  retentive  layer  of  agglom- 
erate to  be  penetrated,  but  in  no  instance,  so  far  as  can  now  be  judged, 
would  an  extent  of  more  than  300  or  400  feet  be  ref|uired.  Sugges- 
tions as  to  this  method  of  utilizing  what  may  be  termed  horizontal 
wells  have  been  presented  iu  a  previous  i-eport."  Several  if  not  all 
of  the  springs  about  Hampton  IJutte  might  be  improved  in  the  man- 
ner just  suggested  and  the  available  water  supply  .considerably  in- 
creased. The  main  or  entrance  tunnels  in  each  case  should  be  floored 
with  impervious  material,  as  clay  or  cement,  and  the  water  obtained 
conducted  in  pipes  to  the  localities  where  it  is  to  be  used.  This 
method  of  utilizing  the  water  in  the  case  under  consideration  is  espe- 
cially recommended,  since  the  localities  where  it  can  be  employed  are 
well  separated  one  from  another,  and  each  rancher  owning  a  devel- 
oped spring  would  not  be  in  danger  of  having  his  water  supply  drawn 
upon  by  his  neighbors,  and  hence  would  in  his  own  interest  be  led  to 
the  utmost  economy  in  its  use. 

In  place  of  excavating  a  tunnel,  as  suggested  above,  at  each  of  the 
localities  where  a  spring  appears  in  a  well-defined  gulch,  a  similar  end 
can  be  reached  by  drilling  a  vertical  well  a  few  yards  or  a  few  rods 
downstream  from  the  locality  where  water  now  comes  to  the  surface. 
Such  drill  holes,  if  carried  to  a  depth  of  about  2.50  or  300  feet,  sliould 
in  most  instances  yield  flowing  wafer.  It  is  not  possible  at  present 
to  state  just  how  deep  such  drill  holes  -should  be  carried,  but  the  con- 

°  Kus9c!l,  I,  C.  UeofoKy  and  water  resmiri'i's  of  Nn  I'erces  County,  Ida  bo :  Water-Sup. 
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ditions  are  favorable,  and  the  depth  mentioned  might  reasonably  be 
attempted  unless  success  is  secured  sooner. 

As  already  explained,  the  stratified  tuffs  and  agglomerates  forming 
the  greater  part  of  Hampton  Butte  dip  away  from  its  central  por- 
tion and  decrease  in  their  degree  of  inclination  with  increase  in  dis- 
tance. The  size  of  the  fragments  composing  the  beds  also  decreases 
with  the  distance  from  the  vent  from  which  they  were  discharged. 
These  conditions  favor  the  hope  that  artesian  water  can  be  had  about 
the  outer  border  of  the  butte.  On  its  north  side  there  is  a  lake  basin, 
or  rather  water  pocket,  several  hundred  acres  in  area,  about  which, 
particularly  on  the  southeast,  there  are  several  square  miles  of  nearly 
level  sagebrush  land.  This  locality  is  sufficiently  near  Hampton 
Butte  to  favor  the  hope  that  artesian  water  can  there  be  had,  owing 
to  the  outward  dip  of  the  beds  of  tuff,  etc.,  as  just  explained.  There 
does  not  seem  to  be  any  way  to  test  this  possibility  except  by  means 
of  the  drill,  but  the  value  of  a  flowing  well  at  the  locality  referred  to 
would  be  sufficient  to  warrant  giving  weight  to  the  known  favorable 
conditions.  After  due  consideration  I  venture  to  suggest  that  it 
would  be  well  to  put  down  a  drill  hole  at  the  locality  mentioned  to  a 
depth  of  at  least  1,000  feet. 

When  the  several  springs  about  Hampton  Butte  ape  developed  so  as 
to  yield  their  full  quota  of  water  it  is  to  be  expected  that  practically 
all  the  irrigable  land  immediately  below  them  can  be  converted 
into  hay  ranches.  The  actual  areas  of  such  irrigable  lands  have  not 
been  computed,  but  are  well  known  to  the  ranchers  of  the  vicinity, 
and,  although  small  in  each  instance,  are  of  great  value  in  the  aggre- 
gate from  the  use  to  which  the  hay  can  be  put  in  the  feeding  of  stock 
during  unusually  severe  winter  weather.  Summer  pa.sture  is  abun- 
dant, but  the  critical  condition  that  limits  the  number  of  head  of  stoek 
a  rancher  can  safely  maintain  is  the  necessity  of  tiding  them  over 
the  stormy  periods  of  winter.  Hence  every  effort  should  be  made  to 
increase  and  conserve  the  limited  water  supply. 

Water  pockets. — ^The  extent  of  country  over  which  stock  can  range 
about  Hampton  Butte,  as  is  the  case  throughout  the  arid  region, 
depends  on  the  presence  of  watering  places.  With  a  wide  summer 
range,  the  grass  near  winter  supplies  of  hay  can  be  conserved,  and 
thus  greater  benefits  be  derived  from  it.  As  summer  watering  places 
in  the  valleys  and  on  the  plains  about  the  buttes  are  far  apart,  a 
suggestion  offered  on  page  53  in  reference  to  deepening  natural  water 
pockets  may  here  be  repeated.  At  Dry  Lake,  as  it  is  termed,  referred 
to  above,  situated  about  6  miles  north  of  the  butte,  a  reservoir  could 
be  excavated  which  would  contain  sufficient  water  to  supply  a  large 
number  of  cattle  throughout  the  summer.  The  advantage  of  exca- 
vating a  reservoir  to  as  great  a  depth  as  practicable  may  be  readily 
judged  from  the  fact  that  water  now  stands  in  the  basin  each  spring 
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to  u  depth  of  a.  few  inches  over  an  area  of  a  square  mile  or  mom. 
By  restricting  this  supply  to  a  amaller  area  the  Iosh  from  evaporation 
would  be  lessened  and  the  duriition  of  the  supply  increased;  besides, 
an  excavated  reservoir  would  serve  as  a  wall  and  lead  to  the  [(croolii- 
tioii  to  it  of  the  ground  water  from  adjacent  areai^ 

The  plans  outlined  above  for  the  increase  and  concentration  of  the 
wnt«r  supply  nlmut  Hampton  Hutte  call  for  only  small  investments, 
such  as  the  returns  to  be  expected  amply  justify,  and  I  trust  will 
receive  careful  consideration  from  the  intelligent  and  progressive 
ranchers  of  the  locality. 

OUEAT   SANOY    IIKSKRT. 

I  ..„„.. ™„.„™..™„. 

^P   Till-  route  followed  on  leaving  Hampton  Butte  led  southwest  iil-i-oss 

^tlie  (Jreat  Sandy  Desert  toward  Christmas  and  Silver  lakes.     The  first 

water  met,  with  the  exception  of  n  small  ephemeral  laltu,  or  "  pocket," 

of  alkaline  water  unfit  for  human  use,  occurs  at  Button  Spring,  about 

35  rniies  from  the  west  base  of  Hampton  Butte. 

For  about  4  miles  from  the  springs  on  the  west  side  of  Hampton 
Butte  the  country  rock  is  andesitc  and  andesitic  tuff  similar  to  the  ma- 
terial composing  the  butte  itself,  from  which  if  probably  came.  Judg- 
ing from  the  topography,  this  same  rock  extends  far  to  the  northwest. 
At  ft  distance  of  al.iout  0  miles  from  Hampton  Butte,  howovt.T.  in  the 
direction  mentioned,  is  a  low  conical  elevation,  which,  judging' from  its 
color  as  seen  at  a  distance,  is  composed  of  basalt,  and  about  it  is  an 
extensive  lava  flow  of  the  same  character.  The  butte  referred  to  is  on 
the  "  upper  desert;  "  that  is,  it  lies  to  the  north  of  the  long  line  of 
bluffs  that  form  the  northern  border  of  the  (Jreat  Sandy  Desert,  or  the 
"  lower  desert,"  ns  it  is  locallj'  termed.  This  line  of  bluffs,  which 
sharply  defines  the  north  border  of  the  Great  Sandy  Desert  for  fully 
20  miles  northwest  from  near  the  south  base  of  Hampton  Butte,  is  com- 
posed of  sheets  of  basalt,  the  eroded  edges  of  which  reveal  a  thickness 
of  between  80  and  100  feet.  The  beds  are  gently  inclined  and  dip 
northward  at  an  angle  of  about  1°.  In  places  the  steep  escarpment 
is  concealed  by  pumiceous  sand,  which  has  l)een  drifted  over  it  by  the 
prevailing  westerly  winds. 

On  descending  this  south-facing  escarpment  of  basalt  through  a 
notch  that  seems  to  have  been  eroded  by  a  south-flowing  stream 
the  nearly  level  surface  of  the  lower  desert  is  reached;  thence  south- 
westwai'd  the  road  follows  an  almost  straight  course  bearing  S.  25° 
to  Z0°  W.  for  about  15  miles  across  a  plain  of  light-colored  pumi- 
ceous sand,  with  occasional  exposures  of  basalt.  The  outcropping 
layers  of  basalt  dip  north  at  a  low  angle,  probably  1"  or  2°,  until 
the  axis  of  the  valley  is  passed,  at  a  distance  of  5  or  6  miles  from 
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the  line  of  bluffs  bordering  it  on  the  north.  This  dip  is  revealed  in 
the  gradient  of  the  road,  which,  when  followed  southward,  ascends 
long,  gentle  slopes,  at  the  top  of  each  of  which  is  a  short,  steep  descent 
to  the  base  of  another  gentle  rise.  The  beds  of  basalt  on  the  south 
side  of  the  valley  for  several  miles,  although  seemingly  nearly  hori- 
zontal, have  a  gentle  downward  slope  to  the  south.  From  the  facts 
noted  along  the  section  traversed  in  crossing  the  Great  Sandy  Desert, 
that  depression  appears  to  be  of  the  nature  of  an  anticlinal  valley; 
that  is,  it  has  been  eroded  in  the  summit  portion  of  a  gentle  upward 
fold  or  anticline. 

The  Great  Sandy  Desert  is  without  water,  except  such  as  gathers 
in  small  basins  and  forms  water  pockets  during  the  winter.  Wells 
dug,  as  I  have  been  informed,  to  a  depth  of  about  70  feet  failed  to 
reach  water,  the  material  passed  through,  like  that  forming  the  sur- 
face, being  pumiceous  sand.  No  method  of  obtaining  waiter  on^the 
desert,  even  for  stock  ranches,  seems  to  be  practicable,  except  the  deep- 
ening of  the  natural  water  pockets.  So  far  as  the  geologic  struc- 
ture is  known,  it  gives  no  suggestion  of  the  presence  of  artesian 
conditions. 

On  the  southwest  side  of  the  Great  Sandy  Desert,  or  in  a  general 
way  about  25  miles  north  of  Christmas  Lake,  there  are  a  large  num- 
ber of  low  and  for  the  most  part  rounded  buttes,  each  of  which  marks 
the  site  of  an  old  volcano.  This  region,  like  the  arid  plain  adjacent 
to  it  on  the  north,  is  without  water,  and,  as  is  manifest  from  the 
number  of  volcanic  cone^  present,  as  well  as  the  apparent  absence  of 
the  necessary  geologic  structure,  offers  no  encouragement  to  the 
searcher  for  artesian  water. 

BUTTON   SPRING. 

Button  Spring  is  located  about  15  miles  northwest  of  Christmas 
Lake,  and  with  the  exception  of  two  or  three  wells  that  have  been  dug 
near  the  road  between  these  two  localities,  is  the  only  available 
water  within  a  radius  of  15  miles,  and  in  most  directions  of  30  or 
more  miles.  To  the  east  of  the  spring  extends  a  waterless  region 
without  trees,  except  an  open  growth  of  junipers,  but  on  the  west 
the  country  is  shaded  by  a  magnificent  forest  of  yellow  pine,  which 
continues  west  over  a  region  rendered  rugged  by  many  recent  basaltic 
craters  and  several  mountain-like  elevations  eroded  from  more 
ancient  andesitic  lavas,  to  the  Cascade  Mountains  and  thence  to  the 
shore  of  the  Pacific.  The  forest  terminates  abruptly  on  the  east  in 
what  may  be  designated  as  a  dry  timber  line.  The  grass  on  the  east- 
ern border  extends  into  the  forest,  forming  beautiful  glades,  and 
grows  luxuriantly  beneath  the  trees,  but  the  absence  of  water  renders 
these  natural  pastures  useless.    Great  as  is  the  demand  for  water  in 
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tluH  inviting  wgioii  lioth  fni-  stock  niid.  as  will  no  doubt  soon  be  th< 
riiae,  for  sawmillti,  no  jimcticiiblti'.  tnethiHl  of  supplying  it  can   al 
jji-esfnt  be  suggested,  except  that  small  storage  reservoirs  might 
ina(I(>  in  some  of  the  valleys. 

Hiitt^jH  Spring  is  a  weak  hillside  spring  which  emerges  at  tht, 
bjise  of  a  rim  rock  of  basalt  on  the  side  of  a  small  valley.  The  vol- 
ume of  the  spring  was  formerly  greater  than  at  jiresent,  and,  as 
re|>cirted,  served  for  the  irrigation  of  a  few  acres  of  land,  but' 
ntt«mpts  to  increase  the  supply  by  excavating  a  vertical  well  resnltpd' 
in  a  loss  of  the  water.  The  well  is  said  to  have  been  100  feet  deep, 
but  it  haa  now  Ijetin  filled  to  within  a  few  feet  of  the  surface.  The 
cxcjivation  reached  a  light-colored,  highly  porous  layer,  probably  of 
volcanic  dust,  beneath  the  surface  sheets  of  ba.salt,  thus  permitting 
of  the  ready  escape  of  the  water.  Much  water  is  evidently  still  Iteing 
lost  in  this  way,  but  the  value  of  the  spring  can  no  doubt  be  rewf^jrod 
by  placing  a  water-tight  floor  or  shallow  cement  basin  in  the  Imttomi 
of  the  excavation  as  it  is  at  present  and  allowing  the  water  to  flow 
out  as  formerly.  The  excavation  of  a  horizontal  and  not  a  vertical 
well  would  have  Ix'cn  tlie  proper  method  for  developing  the  spring. 


About  half  a  mile  oast  of  Button  Spring  there  is  a  locality  wherc»:' 
the  falling  of  a  portion  of  tlie  roof  of  ii  cavern  has  formed  an  open- 
ing about  14  feet  across,  by  means  of  which  access  can  be  gained  to 
a  subterranean  chamber  of  the  ordinary  type  of  lava  tunnels,  formed 
by  the  outflow  of  molten  lava  from  beneath  the  thick,  rigid  crust  of 
a  sheet  of  basalt.  The  tunnel  on  which  the  opening  is  located 
trends  oast  and  west,  but  owing  to  the  falling  of  parts  of  its  roof  can 
be  followed  for  only  a  few  rods.  The  opening  leading  down  to  the 
cavern  suddenly  expands  about  a  foot  below  the  outer  surface  into  a 
vaulted  chamber  approximately  100  feet  in  diameter  and  45  to  50 
feet  deep.  Snow  entering  the  chamber  through  the  hole  in  the 
roof  remains  imtil  late  summer,  and,  as  persons  familiar  with  the 
region  state,  sometimes  endures,  in  part  changed  to  ice,  from  one 
winter  to  the  next.  A  little  ice  was  present  at  the  time  of  my  visit, 
July  ^i),  1903,  and  the  temperature  of  the  air  in  an  extension  of  the 
main  chamber  and  at  a  depth  of  40  to  GO  feet  Iwlow  the  surface  was 
19°  F.  Tliis  opening  may  therefore  be  termed  an  ice  cave,  and,  like 
others  in  the  same  general  rtigion,  may  be  considered  as  a  natural 
iix.  house,  in  which  the  pi-esence  of  ice  is  due  to  the  preservation  of 
snow  and  ice  formed  during  winter  months. 

In  tlie  vicinity  of  the  cavern  just  descrilwd  there  are  irregidar, 
steei)-sided.  ciinvon-like  valleyw  fntni  40  to  ."jO  fi-et  deep  which  owe 
their  origin  to  tlie  sulwidence  of  the  roots  of  similar  lava  tunnels. 


I 
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BASALTIC   CBATEBS. 

All  about  Button  Spring  there  are  conspicuous  buttes,  mostly 
with  rounded  summits,  which  by  their  shapes  at  once  declare  their 
volcanic  origin.  These  hills,  of  which  typical  examples  are  shown 
on  PL  VIII,  are  old  volcanic  cones  composed  of  basaltic  lava,  for 
the  most  part  in  the  form  of  lapilli  and  scoriae,  usually  of  a  reddish 
color,  and  to  a  minor  extent  of  well-formed  bombs.  In  a  few 
instances  they  extruded  lava  in  streams  that  spread  out  in  sheets  on 
the  adjacent  plain.  In  most  case^  the  eones  have  yielded  to  the 
weather  to  such  an  extent  that  the  craters  which  once  existed  in  their 
summits  have  disappeared,  and  their  tops  have  been  fashioned  into 
dome-like  shapes,  in  most  instances  presenting  examples  of  what  are 
termed  weather  curves.  From  a  hill  near  Button  Spring  28  indi- 
vidual volcanic  craters  were  counted  within  a  radius  of  about  7  miles, 
lying  mostly  to  the  east  of  the  place  of  observation.  Many  other  simi- 
lar volcanoes  are  also  known  to  exist  in  the  forested  region  to  the  west 
of  the  same  locality  and  still  others  to  the  south.  The  majority  of 
the  old  craters  are  small,  ranging  in  height  from  150  to  200  feet,  but 
some  of  those  to  the  southeast,  as  noted  below,  are  much  higher. 

These  elevations  furnish  good  illustrations  of  the  weathering  of 
accumulations  of  porous  material,  such  as  scoria?  and  lapilli,  in  their 
passage  from  a  conical  shape  with  steep  sides  to  rounded  hills  and 
gently  swelling  mounds.  An  instructive  fact  in  connection  with  the 
weathering  of  cinder  and  lapilli  cones  is  that  they  sometimes  give 
origin  to  crescent-shaped  and  even  nearly  straight  ridges  which  are 
steep  on  one  side  and  slope  gently  on  the  other.  In  the  case  of  the 
crescent-shaped  ridges  the  steep  slope  is  on  the  concave  side.  Such 
weathered  remnants  find  an  explanation  in  the  form  of  the  original 
piles,  due  to  the  agency  which  built  them  and  in  some  instances  partly 
destroyed  them.  A  symmetrical  volcanic  cone  composed  of  scoria* 
and  la))illi  changes  under  the  destructive  action  of  the  atmosphere  to 
a  symmetrical  mound  which  expands  and  flattens  as  weathering  pro- 
gresses, while  a  crater,  one  side  of  which  has  been  blown  away  or 
removed  by  an  outflowing  lava  stream,  weathers  to  a  crescent-shaped 
hill.  If  the  destructive  action  of  the  volcanic  agencies  has  been 
greater  and  only  a  fragment  of  a  comparatively  large  crater  wall  is 
left  standing,  it  sinks  as  weathering  progresses  into  a  ridge,  at  the 
same  time  broadening,  owing  to  the  removal  of  material  from  the 
summit  and  its  deposition  on  the  sides  and  about  the  base  of  the  pile, 
finally  becoming  a  ridge  in  which  the  original  curvature  of  the  longer 
axis  may  be  entirely  lost. 

The  weathering  of  the  volcanic  piles  near  Button  Spring  has 
brought  out  still  another  feature  which  is  not  unconmion  in  the  topog- 
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raphy  of  ancient  craters.     In  the  case  of  n  small  cinder  cone  about  i 
mile  east  of  the  spring  a  lava  (low  originated  in  a  summit  craterJ 
descended  the  northeastern  slope  of  the  cone,  and  reached  the  plain  i 
its  base.     The  portion  of  tho  lava  stream  which  cooled  and  hardened'! 
on  the  side  of  the  cone  forms  a  sheet  30  to  50  feet  thick  and  400  opB 
500  feet  wide,  inclined  at  an  angle  of  approximately  20°.     After  thfil 
lava  hardened  the  crater  fi-om  which  it  came  was  deeply  eroded  an^'l 
all  vestiges  of  its  rim  removed,  leaving  the  upper  portion  of  the  lava; 
stream  in  hold  relief  as  the  highest  part  of  the  unsjinmetrical  hill  ofl 
wliich  it  fnrniH  the  steepest  side.     A  photograph  of  tiiis  instructivi 
hutte  is  presented  in  PI,  Vfll,  A.    The  margin  of  the  lava  sliMl 
lacing  the  site  of  the  crater  from  whidi  it  came  is  precipitous  atictl 
iUs  lateral  margins  are  also  bold.     As  weathering  continues,  it  is  t4t'l 
be  expected  that  the  solid  lava  will  become  more  atid  more  proniinenta 
until  at  a  late  stage  all  vestiges  of  the  cinder  and  lapilli  cone  fromi 
which  it  came  will  have  disappeared.     It  will  then  be  left  as  an  iso- J 
lated  inclined  Iwd,  with  a  gentle  rIoimj  on  one  side  and  a  steep  talusi 
on  the  other;  that  is,  it  will  have  the  appearance  of  a  local  uplift  of  I 
p.  portion  of  a  previously  horizontal  sheet  of  basalt. 

The  sequence  of  topographic  changes  just  outlined  may  be  illui 
trat4?d  by  a  series  of  ideal  e\ampk"i,  as  in  the  following  figure,  whio] 
shows  stages  in  the  change  referred  to : 


The  sketches  represent  vertical  sections  through  a  cinder  cone  from 
which  a  summit  discharge  of  liquid  lava  occurred  at  various  stages 
during  its  erosion.  The  first  sketch  to  the  left  represents  a  section  of 
the  young  crater,  and  the  succeeding  ones  the  changes  passed  through 
up  to  the  time  the  cinder  cone  has  mostly  disappeared,  and  only  the 
inclined  sheet  of  more  resistant  lava  remains. 

Not  only  are  inclined  sheets  of  solid  lava  left  exposed  by  the  erosion 
of  the  cinder  and  lapilli  craters  from  which  they  were  discharged,  but, 
as  is  suggested  by  some  of  the  craters  near  Button  Spring,  the  tuff 
beds  on  one  portion  of  a  crater  may  be  more  resistant  than  other  por- 
tions of  the  same  accumulation  and  be  left,  as  erosion  progresses,  as 
isolated  inclined  beds.  As  it  seems,  also,  flows  of  brecciated  or  angular 
fragmental  material  simulating  true  lava  streams  in  the  manner  of 
their  extrusion  are  sometimes  discharged  from  summit  craters  and 
descend  their  outer  slopes.  Such  outpourings  also  may  endure  as 
local  exposures  of  inclined  l)eds  when  erosion  has  removed  the  cones 
on  which  they  originated. 

The  weathering  of  a  cinder  or  lapilli  cone,  from  which  a  stream  of 
lava  has  been  extruded  from  a  sinnmit  crater,  in  the  manner  de-  ■ 
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scribed  above,  furnishes  an  explanation  of  the  nature  of  certain  curi- 
ous buttes  in  Oregon  and  Idaho,  which  have  been  a  puzzle  to  all  who 
have  seen  them.  For  example,  some  10  miles  northeast  of  Button 
Spring  there  is  a  butte  about  250  feet  high,  which  has  an  inclined 
table  on  one  side  and  is  locally  termed  the  Soldiers  Cap,  in  reference , 
to  its  resemblance  to  the  caps  worn  by  Union  soldiers  during  the  civil 
w^ar.  Although  I  have  seen  this  butte  only  from  a  distance,  it  ap- 
pears to  be  of  the  nature  of  the  cone  near  Button  Spring,  described 
above,  but  in  a  more  advanced  stage  of  erosion.  Again,  on  the  north 
border  of  Snake  River,  about  12  miles  south  of  Caldwell,  Idaho, 
there  is  a  conspicuous  butte  about  125  feet  high,  which  has  an  in- 
clined table  on  its  eastern  side,  and  is  apparently  another  example 
of  the  same  nature.  A  third  illustration  is  furnished  by  Middle 
Butte,  situated  midway  between  East  and  Big  buttes,  on  the  Snake 
River  Plains,  about  28  miles  northwest  of  Blackfoot,  Idaho.  In 
this  instance  a  sheet  of  basalt  100  feet  or  more  thick  rises  boldly  from 
the  plain  with  a  slope  of  about  10°  tow^ard  the  southeast,  and  breaks 
off  in  a  precipitous  escarpment  on  its  northwest  border.  The  butte 
is  about  500  feet  high,  approximately  a  mile  long  from  northeast  to 
southwest,  and  about  half  a  mile  wide.  Surrounding  it  on  all  sides 
is  a  plain  of  basalt  of  more  recent  date  than  the  rock  of  which  it  is 
composed.  This  example  of  what  appears  to  be  a  local  uplift  may 
well  be  a  large  example  of  a  lava  stream  on  the  side  of  a  cinder  cone 
that  has  been  left  isolated  by  the  erosion  of  its  parent  crater;  in 
this  instance,  however,  subsequent  basaltic  flows  from  neighboring 
craters  have  assisted  in  concealing  evidence  of  the  cinder  cone  from 
which  the  inclined  sheet  of  lava  was  probably  erupted.  This  same 
hypothesis  seemingly  furnishes  an  explanation  for  the  presence  of 
the  inclined  sheet  of  basalt  referred  to  in  describing  Hampton  Butte, 
designated  on  the  General  Land  Office  map  of  Oregon  as  Cougar 
Butte,  but  locally  considered  as  a  part  of  the  large  butte  to  the  north- 
west. 

The  several  examples  just  referred  to  were  seen  by  me  before  I 
visited  the  butte  near  Button  Spring,  and  were  passed  by  without 
being  understood;  now  they  seem  to  be  explainable  on  the  hypothesis 
here  presented. 

BLACK    MOUNTAIN. 

From  any  conunanding  point  of  view  near  Button  Spring  the  most 
conspicuous  elevation  in  sight  is  a  prominent  black  butte  with  a 
triple  summit,  about  8  miles  to  the  southeast.  As  seen  from  the 
direction  just  mentioned  the  cathedral-like  elevation  consists  of  a 
central  dome  about  800  feet  high,  flanked  on  each  side  by  smaller 
domes  approximately  200  feet  lower.     The  grouping  of  the  three  is 
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strikitigly  syniinetrictil,  ant]  IheJr  slopes  destx^nd  Uj  fho  black  lava 
field  which  surrounds  them  in  long,  sweeping  curves.  The  blackness 
of  the  group,  which  has  suggested  its  name,  is  duo  to  the  color  of 
the  l>u.s»ltie  lava  of  wliirh  it  is  composed,  but  has  Ixwn  euhanc-ed  in 
recent  yi'are  by  the  burning  of  the  open  forest  that  clothed  its  sidet^ 
and  extended  over  the  surrounding  lava  flow.  A  younger  forest  luia' 
sprung  up,  however,  and  now  the  lava  field  and  central  elevationa 
ore  overgrown  with  junipers,  mountain  mahogany,  and  a  few  pineti. 

On  visiting  Black  Mountain  the  symmetry  of  the  grouping  of  ita 
three  centml  domes  is  found  to  depend  on  the  point  of  view  from 
which  they  are  observed.  The  central  elevation  is  composed  of 
coarse  lapilli  and  acoria>,  among  which  a  few  well-shaped  volcanic 
bombs  occur,  but  it  is  only  a  remnant  of  the  original  crater.  The  part 
remaining  is  the  northern  portion  of  the  rim  of  a  bowl-shaped  depres- 
sion, about  three-fourths  of  which  has  Iwen  removed,  the  outline  of 
tlio  missing  portion  being  indicated  by  low  ridge.s  of  lapilli.  The. 
crater  seems  to  have  been  breached  by  an  outflow  of  lava  from  its 
soutliern  side,  but  may  have  been  ruined  by  an  explosion.  The  west 
elevation  is  closely  connected  with  it«  higher  companion,  and  is  a 
lapilli  and  scoria!  crater  100  feet  deep  with  a  complete  rim  about 
450  feet  in  diameter.  The  southeast  elevation,  which  appears  as  a 
rounded  dome  when  seen  from  the  north,  in  close  proximity  to  ths^ 
central  olevution,  is  in  reality  about  three-fonrths  of  a  mile  distant 
and  is  but  the  ruin  of  a  crater  composed  of  reddish  scorJie. 

All  about  Black  Mountnin  there  is  a  fre^h  basaltic  lava  field,  with 
an  irregular  margin,  in  general  from  IJ  to  2  miles  in  radius.  This 
lava  came  to  the  surfa<«  near  the  base  of  the  central  crater,  and  per- 
haps represents  the  results  of  more  than  one  eruption.  Its  surface  is 
fresh  in  appearance  and  excessively  rough.  On  its  margin  it  termi- 
nates in  steep,  irregular  escarpments.  The  roughness  of  the  surface 
and  the  steepness  of  the  bordering  sloi)es  show  that  the  rock  of  which 
it  is  composed  flowed  out  either  in  a  highly  viscous  condition  or  that 
its  motion  was  retarded  by  the  fragments  of  the  first-formed  crust 
\fhich  became  involved  in  and  were  carried  along  by  the  still  viscous 
material  beneath  and  into  which  they  sank.  The  surface  slope  of  the 
lava  field  is  between  2  and  3  degrees  near  the  the  craters  with  which 
it  is  associated,  but  at  a  distance  of  less  than  half  a  mile  flattens  out 
and  becomes  essentially  horizontal.  On  its  northern  portion  there 
is  a  group  of  small,  fresh-looking  craters,  probably  produced  by 
superficial  explosions. 

From  the  sunnnit  of  Black  Mountain  an  instructive  view  is  fur- 
nished of  a  land  dotted  with  craters  in  various  stages  of  erosion,  of 
which  about  25  still  retain  enough  of  their  characteristic  construc- 
tional sliajjes  to  l)e  recognized  as  iH'iug  of  volcanic  origin.  On  the 
east  the  bare  nnid  plain  about  Christmas  Lake,  in  places  white  with 
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salt  and  other  efflorescent  products,  is  in  view.  The  entire  landscape 
eastward  of  the  mountain,  and  extending  for  a  s(;ore  of  miles  on 
each  side  of  the  desolate  plain  in  its  midst,  is  typical  of  the  arid 
region  of  which  it  forms  a  part.  This  is  the  northern  extension  of 
the  Great  Basin  and  is  similar  to  the  vast  expanse  of  arid  country 
embraced  in  the  series  of  drainless  basins  in  Nevada,  Utah,  etc.,  with 
which  it  forms  a  connected  series.  On  the  west  occur  many  recent 
basaltic  craters  and  more  ancient  hills  and  ridges  that  have  resulted 
from  the  dissection  of  light-colored  andesites  and  rhj^olites;  all  are 
covered  by  the  great  pine  forest  to  which  reference  has  already  been 
made. 

GENEBAL  GEOLOGY. 

In  traveling  toward  Button  Spring  from  Hampton  Butte,  all  the 
solid  rocks  exposed,  after  reaching  the  line  of  basaltic  cliffs,  described 
on  page  68,  which  defines  the  northern  border  of  the  Great  Sandy 
Desert,  are  basalt.  To  the  east  and  south  of  the  spring  also  nothing 
but  basalt  was  encountered  in  the  various  excursions  made  from  that 
locality,  and  the  many  old  craters  in  sight  from  Black  Mountain  and 
other  neighboring  eminences,  within  a  radius  of  alx^ut  10  miles,  are 
dark  in  color  and  appear  to  be  composed  of  basaltic  rocks.  On  the 
west  of  the  spring  also  several  basaltic  craters  were  visited,  and 
others  recognized  by  their  color,  mode  of  weathering,  etc.  All  of 
this  goes  to  show  that  basaltic  eruptions  from  many  craters  have  there 
taken  place.  The  number  of  craters  in  various  stages  of  erosion  and 
decay  within  a  radius  of  10  miles  from  Button  Spring  is  by  estimate 
not  less  than  50.  Beginning  about  2  miles  south  of  the  spring  and 
extending  far  into  the  forest  to  the  southwest  are  abimdant  outcrops 
of  light-colored  lavas  (andesites  and  rhyolites)  and  variegated  tuff 
beds,  which  contain  large  masses  of  black  obsidian.  These  rocks 
weather  into  bold  cliffs  and  have  been  deeply  trenched  by  stream-cut 
valleys,  now  without  water  except  in  winter  or  when  the  snow  is 
melting,  and  in  many  instances  without  rill  channels  in  their  deeply 
filled  and  nearly  flat  bottoms. 

The  region  about  Button  Spring  contains  the  records  of  at  least 
three  groups  of  events:  First,  a  prevalence  of  volcanoes,  probably  in 
the  early  Tertiary  age,  which  discharged  acid  lavas  and  were  char- 
acterized by  the  violence  of  their  explosive  eruptions ;  second,  a  long 
period  of  denudation,  during  which  the  previously  formed  lava  flows 
and  tuffs  were  deeply  eroded  (this  time  seems  to  relate  in  part  at 
least  to  the  Sierran  epoch) ,  and,  third,  a  modern  period,  during  which 
a  large  number  of  volcanic  vents  were  established  and  basic  lavas 
extruded,  both  during  explosive  eruptions  and  quiet  discharges  of 
liquid  rock.  These  recent  basaltic  volcanoes,  although  comparatively 
young  and  furnishing  the  last  important  chapter  in  the  geologic  his- 


76       GEOLOGY  AND  WATER  BESOUKPES,   CENTRAL  OREGON.  I biu.  288. 

tory  of  the  region,  are  actiiully  centuries  old,  and  in  most  instances 
have  suffered  much  defacement  from  the  attacks  of  tlie  denuding 
agencies  of  the  air.  The  later  chapters  in  this  interesting  geologic 
history,  when  fully  interpreted,  will  include  an  account  of  a  climatic 
change  from  humid  to  the  present  arid  condition. 

From  Button  Spring  «  road  leads  north  to  Prineville,  on  follow- 
ing which  one  passes  over  basalt  nearly  all  of  the  way.  Rocks  that 
arc  older,  however,  and  that  differ  in  character  from  the  seemingly 
universal  sheets  that  floor  tlic  valleys,  form  the  three  prominent 
groups  of  hills,  namely,  Pauline  Mountains,  Finu  Mountain,  and 
Powell  Butte,  which  were  visited  during  the  journey.  In  places,  as 
midway  between  Button  Spring  and  Pine  Mountain,  the  basalt  form- 
ing the  plains  is  concealed  Imncath  an  extensive  series  of  dunes  com- 
posed of  pumiceous  dust  and  lapalli. 

UBV    BIVKB. 

Our  6rst  camp  after  leaving  Button  Spring  was  in  tho  bed  of  an 
ancient  stream  known  as  Dry  River,  which  at  one  time  drained  the 
Great  Sandy  Desert.  The  course  of  the  channel  is  well  marked  fi'oin  ' 
the  west  end  of  the  desert  to  Deschutes  River,  a  distance  of  over  oO 
miles.  At  our  camp,  about  6  miles  cast  of  Pauline  Mountains,  tha 
old  river  bed  is  a  well-defined  canyon,  30  to  40  feet  deep  and  150 
feet  wide,  with  walls  of  columnar  basalt.  About  12  miles  farther  west 
the  canyon  becomes  deeper,  and  for  a  distance  of  4  or  5  miles  is  a 
narrow  dehle  with  vertical  walls  of  basalt.  In  the  river  bed  at  the 
time  of  our  visit  there  was  no  water,  but  by  digging  in  the  sand 
that  partly  fills  the  channel  a  sufficient  supply  for  camp  purposes 
for  a  single  day  was  obtained  at  a  depth  of  6  feet. 

PAULINE   MOUNTAINS. 

The  name  Pauline  Mountains  is  used  on  the  General  Land  Office 
map  of  Oregon  to  designate  a  prominent  group  of  hills  situated  42 
miles  directly  south  of  Prineville  and  approximately  in  the  geo- 
graphic center  of  the  State.  Locally,  however,  the  same  name  is  also 
applied  to  other  equally  conspicuous  elevations  in  the  vicinity  of 
Pauline  and  East  lakes.  Although  these  two  groups  of  picturesque 
hills  or  mountains  are  connected  by  a  tract  of  high  land,  they  are 
independent,  so  far  as  their  geologic  histories  are  concerned,  and  as 
they  will  no  doubt  receive  much  attention  from  geologists  and  others 
in  the  future,  it  is  thought  advisable  to  designate  them  by  separate 
names.  For  the  group  of  hills  tenned  the  Pauline  Mountains  on 
the  map  referred  to  above  that  name  will  be  used  in  this  report,  and 
for  the  exceedingly  interesting  and  conspicuously  beautiful  mountain 
in  the  summit  of  which  Pauline  and  East  lake.s  are  situated  a  spe- 
ciii!  nnnii:  will  be  proposed  on  a  later  page  (see  p.  97). 
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The  Pauline  Mountains  proper  rise  boldly  from  the  bordering 
basaltic  plain  to  a  height  of  about  1,500  feet.  The  main  summit  is 
a  sharp  ridge  trending  N.  70°  E.  (magnetic),  which  at  each  end 
curves  abruptly  southward,  so  as  to  partly  inclose  an  amphitheater 
nearly  2  miles  in  diameter.  The  rock  along  the  crest  of  the  ridge 
and  forming  the  conspicuous  pinnacles  rising  from  it  is  a  hard,  pur- 
plish material  resembling  quartzite,  but  from  field  observations 
simply  is  believed  to  be  mainly  a  consolidated  rhyolithic  tuff.  The 
sides  of  the  mountain  are  thickly  covered  with  quartz  sand.  The 
stratification  of  the  rock  is  well  defined  and  the  dip  on  the  crest  of 
the  main  ridge  is  downward  to  the  east  at  an  angle  of  about  16°, 
the  strike  being  at  right  angles  to  the  trend  of  the  ridge.  In  the 
curved  western  portion  of  the  ridge,  and  exposed  in  the  west  wall 
of  the  great  amphitheater,  the  dip  is  south  at  an  angle  of  fi'om  16° 
to  17°.  The  mountain  is  thus  shown  to  be  an  eroded  remnant  of  what 
was  probably  at  one  time  a  great  volcanic  cone  older  than  the  sur- 
rounding basalt,  but  no  fossils  were  discovered  by  means  of  which  its 
age  might  be  determined.  To  the  northwest  of  the  main  ridge  and 
about  half  a  mile  distant  rises  an  outstanding  butte  composed  of  rock 
of  the  same  character  as  the  main  elevation,  left  in  bold  relief  by 
erosion. 

The  floor  of  the  amphitheater  on  the  south  side  of  the  Pauline  Moun- 
tains is  deeply  covered,  over  an  area  of  3  or  4  square  miles,  with  nearly 
white  pumiceous  lapilli,  which  the  wind  has  drifted  into  dunes.  This 
barren  area  is  bordered  on  the  south  by  an  open  forest  of  junipers. 
The  mountain  itself,  more  especially  its  northern  slope,  bears  groves 
of  yellow  pine  and  has  a  well-defined  forest  about  its  western  base. 

The  view  from  the  topmost  pinnacle  of  Pauline  Mountains  is  far- 
reaching  and  superb.  In  the  east,  beyond  the  barren  yellow  plain  of 
the  Great  Sandy  Desert,  Hampton  and  Glass  buttes  are  in  plain 
sight,  and  the  tapering  summit  of  Placidia  Butte  can  be  recognized  in 
the  blue  distance.  To  the  south,  in  the  vicinity  of  Button  Spring, 
about  50  recent  volcanic  craters  can  be  counted,  and  in  the  western 
sky  rise  the  snow-clad  summits  of  several  of  the  great  peaks  that  dom- 
inate the  generally  even  crest  line  of  the  Cascade  Mountains. 

POWELL  BUTTE. 

In  the  extensive  region  drained  by  Crooked  River  to  the  east  of 
Prineville  there  are  numerous  hills,  which,  in  places,  are  sufficiently 
bold  and  lofty  to  merit  the  name  of  mountains.  These  uplands  for  a 
distance  of  about  30  miles  south  of  Prineville  terminate  abruptly  on 
the  west,  where  they  meet  a  seemingly  level  but  in  reality  gently 
westward-sloping  plain  of  basalt.  The  junction  of  the  hills  with  the 
plain  resembles  the  margin  of  a  rugged  land  adjacent  to  the  ocean, 
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except  that  the  hill  descends  to  the  lava  without  chaiige  of  alopi'.  such 
as  the  ocpiiii's  waves  produce  in  the  land.  Thi«  reseniblanw  to  ocean- 
filiore  topoyrnphy  is  due  to  the  fact  tliat  extensive  inundations  of 
basaltic  lava  have  partly  filled  a  wide  valley  and  enci-oached  on  its 
indented  border.  The  lava  flows  extended  up  the  gorges  and  ravines 
in  the  border  of  the  old  valley,  leaving  the  ridges  between  them  to 
projixt)  as  capes  into  the  black  plain  formed  by  the  congealing  of  the 
lava  flow, 

Ofl'shore,  so  to  speak,  in  the  once  molten  sea,  about  +  miles  from  tho 
nearest  cape  on  the  border  of  the  uplands  to  the  east,  rises  an  island- 
like  butte,  completely  surrounded  by  the  lava  plain.  This  conspicu- 
ous elevation,  known  a-s  Powell  Uutte  (not  Paul  Butto,  as  given  on  the 
General  I^and  Office  map  of  Oregon),  is  about  7  miles  long  from  cast 
to  west  and  approximately  5  miles  wide  from  north  to  south,  but  its 
margin  is  irregular,  owing  to  the  deep  sculpturing  which  preceded  the 
outflow  of  basalt  which  surrounded  it  and  entered  for  short  distances 
the  high-giade  valleys  eroded  in  its  sides.  The  butte  rises,  by  aneroid 
measurements.  1,500  feet  above  the  surrounding  plain.  The  material 
from  wliich  it  lias  been  sculptured  is  a  hard,  resistant  rhyolitic  tuff, 
with,  perhaps,  some  quartzitc.  The  rocks  are  of  a  brownish  and  pur- 
plisli  color,  weathering  on  steep  cliffs  to  «  rich  brown.  The  bedding 
is  distinct  and  steeply  inclined.  Inclinations  of  from  65°  to  70"  to, 
the  sriutbwcsl  iirc  coiiiiiioti,  nnd  in  places  the  outcrops  arc  verticil!, 
with  a  northwest  and  southeast  strike. 

The  fact,s  Just  stated  show  that  Powell  Butte  is  a  remnant  of  an 
ancient  upland,  which  was  deeply  eroded  before  the  coming  to  the 
surface  of  the  extensive  basaltic  lava  flows  which  now  form  the  floor 
over  an  extensive  portion  of  the  valley  of  the  Deschutes,  In  all  of 
these  features  the  butte  resembles  another  rugged  island  in  a  con- 
gealed sea  of  lava,  sitiiate<l  in  the  State  of  AVashington  and  known  as 
Steptoe  Butte,  some  account  of  which  is  already  on  record,"  Tliis 
last-named  butte  is  typical  of  the  topographic  features  and  geologic 
history  which  it  illustrates,  and  all  similar  island-like  areas  sur- 
rounded by  lava  flows  may  for  convenience  be  termed  "  steptoes." 
Powell  Butte,  therefore,  on  account  of  its  isolated  position  and  the 
fact  that  it  rises  through  the  lava  of  the  encircling  plain,  may  be 
designated  a   steptoe. 

The  sides  of  Powell  Butte,  particularly  the  bottoms  of  the  gulches 
in  its  sides,  are  covered  with  fine  rich  soil,  which  owes  its  origin  in 
large  part  to  the  deposition  of  dust  by  the  wind.  In  the  gulches 
this  material  has  btien  washed  down  by  ephemeral  streams  and  spread 
out  in  broad  alluvial  fans  with  conspicuously  inclined  surfaces,  which 
descend  to  the  surrounding  plain.     These  alluvial   fans  in  certain 
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instances  are  not  scored  by  stream  channels,  and  when  cultivated 
yield  good  harvests  of  wheat  without  the  aid  of  irrigation.  At  the 
heads  of  a  few  of  the  gulches  small,  cool,  hillside  springs  come  to  the 
surface  and  furnish  a  water  supply  for  household  uses  and  for  the 
watering  of  stock.  The  only  method  of  increasing,  or  rather  of  con- 
serving, the  meager  water  supply  is  to  excavate  horizontal  wells 
where  springs  appear,  in  the  manner  suggested  on  page  66,  but 
owing  to  the  excessive  hardness  of  the  rocks,  the  practicability  of 
such  a  method  seems  doubtful.  Water  is  now  obtained  at  several 
localities  about  the  butte  by  means  of  ordinary  dug  wells,  and  noth- 
ing need  be  said  concerning  the  possibilities  in  that  direction,  as  they 
are  well  understood  by  the  few  energetic,  and  for  the  most  part  suc- 
cessful, ranchers  of  the  region. 

DESCHUTES   PLAIN. 

Powell  Butte  forms  one  of  the  succession  of  admirable  observing 
stations  previously  referred  to  as  extending  from  east  to  west  across 
eastern  and  central  Oregon,  and  when  the  country  is  surveyed  will 
furnish  a  favorable  primary  triangulation  station.  From  its  sum- 
mit the  view  westward  is  particularly  instructive.  The  plain  of 
basalt  which  surrounds  its  base  can  be  traced  as  on  a  map  far  to  the 
west,  across  the  seemingly  level  valley  through  which  Deschutes 
River  flows,  to  the  base  of  the  Cascade  Mountains.  To  the  southwest, 
15  miles  distant,  across  the  level  lava  plain,  rises  the  conical  summit 
of  Pilot  Butte,  an  old  volcanic  cone,  also  a  steptoe.  Still  farther 
south  a  widely  extended  group  of  recent  volcanic  cones  can  be  recog- 
nized. The  great  plain  of  basalt  also  extends  far  to  the  northwest, 
and  about  7  miles  away  meets  a  bold  ragged  crag  of  light-colored 
rock,  which  projects  into  it  from  the  east.  Crooked  River  here 
touches  the  high  land  bordering  the  basaltic  plain,  and  for  a  distance 
of  about  2  miles  has  cut  away  its  base  and  caused  a  precipitous 
escarpment  to  appear.  The  area  of  the  plain  of  basalt  in  sight, 
although  not  accurately  known,  is  by  estimate  not  less  than  2,000 
square  miles.  One  seems  justified  in  concluding  that  the  basalt  cov- 
ering it  is  a  southward  extension  of  the  vast  lava  flow  of  Washing- 
ton and  northern  Oregon,  to  which  the  general  name  Columbia  River 
lava  has  been  applied.  Previous  e^stimates  of  the  area  covered  by 
these  lavas  place  it  in  the  neighborhood  of  250,000  square  miles,  but 
seem  too  conservative  to  an  observer  standing  on  Powell  Butte  who 
has  in  mind  the  various  records  previously  made  and  rememlx^rs  the 
notes  presented  in  this  report  concerning  the  occurrence  of  similar 
rocks,  which  extend  almost  continuously  from  Steins  Mountains  on 
the  east  to  the  Cascade  Mountains  on  the  west.  It  is  to  be  understood 
that  the  name  Columbia  River  lava  is  a  general  term  by  which  to. 
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designatt'  tlio  great  liiiMiiltic  lava  ilown  o£  the  Northwest,  und  tJint,  as 
is  well  known,  the  various  tsheets  of  oiire  molten  r«;k  range  in  age 
from  the  earlier  portion  of  Tertiary  all  the  way  up  to  recent  lime,  A 
detail(>d  study,  ns  the  gejieral  rewnuiaiHsances  already  made  clearly 
show,  will  necessitate  the  recognition  of  several  indei«jndent  forma- 
tions, separated  by  fresh-water  deposits  and  unconformalies  in  what 
is  now  from  necessity  designated  by  a  single  general  term. 

The  fascinating  story  of  deep  erosion,  of  subsequent  lava  flows  of 
vast  extent,  and  of  renewed  outpourings  of  molten  nxik,  followed  by 
another  Jong  period  during  which  streams  renewed  their  work  of 
denudation  and  canyon  cutting,  to  l)e  read  in  the  landscape  spread 
at  the  feet  of  an  observer  standing  on  I'owell  Butte,  is  not  the  sole 
attraction  of  that  commanding  station.  Beyond  the  broad  valley  of 
the  Deschutes  rise  the  wonderfully  grand  Cascade  Mountains,  iii  part 
at  least  composed  of  rocks  of  the  same  nature  ns  the  Columbia  River 
lava,  and  in  a  general  summary  of  the  history  of  the  region  to  bo 
classed  with  it.  How  far  west  of  the  Cascades  the  outpourings  of 
basaltic  rock  of  Tertiary  and  later  dates  extend  remains  to  be  dis- 
covered. The  lava  fields  and  volcanic  mountains  of  the  Northwest  art 
probably  the  most  extensive  on  the  earth  and  demand  attention  as 
furnishing  one  of  the  most  instructive  chapters  in  the  geologic  history 
of  our  planet.  One  of  the  startling  facts  that  come  to  mind  in  gas- 
ing  over  the  seemingly  boundless  plains  and  numbering  by  the  score 
the  Vdlnmii:  niountiuns  in  sight  is  ihjil  iiol  less  Ihiin  l.'iO.OOO  cubic 
miles  of  dense  rock  have  there  been  transferred  from  deep  within  the 
earth  and  spread  out  on  its  surface.  The  bearing  of  such  an  event 
on  the  physics  of  the  earth's  crust,  the  condition  of  its  interior,  the 
natnrt^  of  the  forces  which  cause  magmas  to  rise  in  volcanic  con- 
duits, etc.,  are  some  of  the  now  obscure  questions  which  a  complete 
understanding  of  the  lava  fields  of  the  Northwest  would  assist  in 
answering. 

As  stated  above,  the  region  in  the  west-central  part  of  Crook 
County,  through  which  Deschutes  Eiver  flows,  is  a  great  lava-covered 
plain.  On  traversing  the  plain  in  various  directions  and  following 
the  canyons  that  have  been  excavated  in  it,  much  of  interest  concern- 
ing its  history  was  discovered,  an  outline  of  which  will  as.sist  in  ex- 
plaining certain  more  sjwcial  observations  to  be  recorded  later. 

The  valley  of  the  Deschutes,  before  it  was  filled  so  as  to  produce  the 
broad,  generally  level  surface  which  is  at  present  its  most  conspicu- 
ous feature,  was  from  20  to  30  miles  wide  in  the  j>ortion  west  of  the 
Pauline  Mountains  and  Powell  Butte,  but  perhaps  had  a  less  width 
farther  north.  This  large  valley,  os  may  be  ]udge<l  from  the  char- 
acter of  Ihe  portions  of  its  bordering  slopes  now  exposed  to  view, 
was  produced  lafgely  by  erosion  and  was  at  least  800  feet  deeper  in 
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its  central  part  than  the  widely  extended  sheet  of  basalt  forming  the 
surface  of  the  present  plain.  The  material  which  partly  fills  the  old 
valley  consists  largely  of  water-laid  volcanic  dust  and  lapilli,  of 
which  sections  700  feet  deep  are  exposed  along  the  lower  portion  of 
the  canyon  of  Crooked  River  and  in  the  adjacent  portion  of  that 
of  Deschutes  River.  The  total  depth  of  this  deposit,  however,  is  as 
yet  unknown,  as  its  bottom  is  not  exposed.  After  the  volcanic  dust 
and  lapilli,  together  with  minor  quantities  of  sand  and  clay,  was 
deposited  a  sheet  of  basaltic  lava,  in  general  about  80  feet  thick,  was 
spread  out.  Possibly  two  or  more  sheets  of  lava  were  formed  at 
about  the  same  time  which  are  so  similar  that  their  recognition  is 
difficult,  and  they  appear  to  represent  but  a  single  outpouring. 

After  a  lava  covering  was  given  to  the  deep  deposit  of  current- 
bedded  volcanic  dust,  lapilli,  sand,  etc.,  Deschutes  River  and  its  tribu- 
tary, Crooked  River,  displaced  from  their  former  courses,  flowed 
across  the  plain  and  excavated  canyons,  which  for  many  miles  near 
their  junction  were  at  least  800  feet  deep  and  in  general  about  a  mile 
wide.  The  nameless  stream  which  flowed  northwest  from  the  Great 
Sandy  Desert  (see  p.  76)  also  cut  deeply  into  the  lava  plain  and  its 
underlying  deposits  of  loose  material,  and  joined  the  Deschutes  about 
14  miles  south  of  the  locality  where  Crooked  River  now  comes  in. 
Following  the  period  of  erosion,  during  which  not  only  the  main 
streams  of  the  region,  but  also  their  tributaries,  cut  deep  canyons, 
came  another  considerable  discharge  of  basaltic  lava,  which  entered 
the  canyons  in  the  region  where  Deschutes  and  Crooked  rivers  now 
mingle  their  waters  and  filled  them  to  a  depth  of  at  least  500  feet. 
Later  still,  Deschutes  and  Crooked  rivers  reexcavated  their  canyons 
in  the  hard  resistant  basalt  to  a  depth  of  over  500  feet  without,  so  far 
as  known,  reaching  its  bottom.  There  are  thus  at  least  five  important 
episodes  in  the  history  of  the  Deschutes  plain  that  are  clearly  legi- 
ble in  its  present  topography. 

It  would  greatly  facilitate  a  description  of  the  several  events  in  the 
history  of  the  Deschutes  plain  if  names  could  be  applied  to  the  beds 
of  tuff  and  sand  and  the  two  lava  flows  mentioned  above,  but  as  such 
a  course  would  perhaps  lead  to  confusion  when  the  rocks  referred  to 
are  correlated  with  those  of  adjacent  areas,  and  particularly  with  the 
formations  of  the  John  Day  basin,  described  by  John  C.  Merriam  ^ 
and  others,  no  attempt  to  give  them  names  or  to  assign  them  a  definite 
position  in  geologic  history  will  at  present  be  attempted.  Appar- 
ently, however,  the  thick  deposit  of  lapilli,  etc.,  beneath  the  older 
sheet  of  basalt  is  of  Tertiary  age,  and  the  two  periods  of  canyon 
cutting  belong  to  the  time  of  general  erosion  recorded  by  deep  excava- 

•  Merriam,  J.  C,  Contribution  to  the  geology  of  the  John  Day  basin :  Bull.  Univ.  Cali- 
fornlr.,  Dept.  Geology,  vol.  2,  1901,  pp.  269-314. 

BnU.  252—05  M 6 


S2      OEOLOOy  AND  WATER  RKSOLTRCES,   CKNTBAL  OBEOON.  1 


I 

^Pitions  in  many  parts  of  North  iVincrica,  and  nnnipd  by  Joseph  LeConte 
H  "  the  Sicrran  epoch." 

^1  PRINEVILLE   VALLEY. 
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Prineville,  the  county  seat  of  Crook  County,  a  town  of  about  000 
inhabitants,  is  situated  on  the  border  of  Crooked  River,  at  the  head 
of  an  alluvial  plain  about  fi  miles  long  and  from  3  to  4  miles  wide. 
This  valley,  although  small,  is  of  importance  on  account  of  the  arid- 
ity of,  and  genei-al  absence  of  irrigable  land  in,  the  region  in  which  it 
is  located,  and  is  an  exceptional  feature  in  the  geography  of  Crooked 
River,  which  in  all  other  portions  of  its  course  flows  through  a  suc- 
■oession  of  nan-ow  canyons. 

East  of  Prineville  Crooked  River  flows  west  through  a  rugged  val- 
ley in  which  outcrops  of  soft  material  carrj-ing  fossils  are  reportwl  t« 
occur.  About  6  miles  l>efore  reaching  the  town  it  traverses  a  narrow 
cjinyon  with  vertical  walls  of  basalt  about  G50  feet  high.  The  basalt 
is  in  well-defined  layers,  with  scoriaceous  surfaces,  of  which  at  least 
7  are  exposed.  The  .stream  has  not  as  yet  cut  through  the  pile  of 
basaltic  -sheets,  although  a  few  miles  fartlier  up  its  course  the  luider- 
lying  rocks  are  exposed.  This  basalt,  so  far  as  can  be  judged  from 
the  fact-s  in  hand,  is  to  be  correlated  with  tlie  older  and  more  widely 
extended  lava  of  the  Deschutes  plain,  though  present  in  several  sheets 
instead  of  a  single  one.  Only  one  of  the  sheets,  near  the  top  of  the 
section,  however,  seems  to  extend  west  of  Prineville. 

Less  than  a  mile  above  Prineville  the  canyon  of  Crooked  River- 
becomes  abruptly  wider,  and  for  6  miles  west  of  that  town  has  a 
width  of  4  or  5  miles,  this  abrupt  increase  being  due  to  the  presence 
of  soft  material  beneath  the  basalt.  The  canyon  is  here  bounded  on 
the  northeast  by  rocks  (probably  rhyolitic  tuffs)  which  formed  the 
border  of  the  old  Deschutes  Valley.  Crooked  River  flowed  across 
the  basalt,  cutting  a  canyon  near  its  margin,  and,  on  gaining  the  soft 
beds  beneath  the  resistant  surface  layer,  widened  its  canyon,  locally, 
into  a  valley.  On  the  west  and  south  side  of  the  river  where  it 
turns  from  a  noi'therly  to  a  westerly  course,  near  Prineville,  the  sur- 
face sheet  of  basalt  is  but  30  or  35  feet  thick.  The  base  of  tlie  sheet 
is  scoriaceous,  and  emlwdded  in  it  are  fragments  of  the  soft  shaly 
beds  on  which  it  rests.  The  fine  sediments  immediately  beneath  the 
basalt  grade  downward  into  soft,  coarse  sandstone  20  to  30  feet  thick, 
lielow  which  are  coarse,  well-worn  gravels  and  other  sedimentary 
beds  reaching,  in  the  face  of  the  cliif,  nearly  to  the  river.  The  can- 
yon wall  with  its  rim  rock  of  basalt  is  about  250  feet  high  by  aneroid 
measure. 

West  of  Prineville  the  wall  on  the  south  side  of  the  valley  of 
Crooked  River   presents  a  continuation   of  the  condition   just  de- 
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scribed — a  rim  rock  of  basalt  rising  above  a  talus-covered  escarp- 
ment that  conceals  thick  water-laid  beds.  At  several  localities  land- 
slides have  occurred  and  produced  interesting  variations  in  the 
otherwise  monotonous  line  of  cliffs  with  steeply  sloping  talus  spurs  at 
their  base.  About  6  miles  west  of  Prineville  the  valley  contracts  in 
width  and  once  more  becomes  a  narrow  canyon  with  nearly  vertical 
walls,  in  which  the  edges  of  6  sheets  of  horizontally  bedded  basalt 
are  well  exposed.  The  presence  of  several  sheets  of  basalt  at  this 
locality  and  in  a  similar  section  expose^  in  the  walls  of  Crooked  River 
Canyon  above  Prineville,  while  between  the  two  localities  but  one 
sheet  is  present,  is  readily  explained  by  the  fact  that  the  surface  on 
which  the  lava  while  yet  molten  was  spread  out  was  trenched  by  can- 
yons or  valleys.  The  earlier  lava  flows  entered  the  depression,  which, 
as  successive  eruptions  took  place,  became  completely  filled,  while  the 
later  sheets  were  spread  widely  over  the  former  depressions  and  the 
intervening  uplands  or  plateaus.  Crooked  River  has  since  excavated 
a  new  canyon,  which  in  places  cuts  across  the  lava  sheets  occupying 
its  previous  valley.  Wliere  the  channel  was  cut  through  a  pile  of 
lava  sheets  its  course  is  through  a  narrow  canyon,  and  where  only 
one,  or  but  a  few,  thin  lava  sheets  were  present,  resting  on  a  thick 
formation  of  volcanic  lapilli,  etc.,  a  wide  excavation  like  the  one  in 
which  Prineville  is  located  was  produced. 

In  Prineville  Valley  some  interesting  modem  changes  in  the  work 
of  the  river  are  recorded  by  gravel  terraces,  one  of  which  has  a  sur- 
face elevation  of  60  feet  above  the  present  stream  channel.  All  along 
the  course  of  the  river  for  several  miles  below  the  town  the  stream 
meanders  in  sweeping  curves  through  the  alluvial  bottom  lands  and 
affords  fine  illustrations  of  the  behavior  of  an  aggrading  stream. 

The  isolated  table  with  a  cap  of  colimfinar  basalt,  shown  on  PI. 
IX,  By  stands  on  the  north  side  of  Crooked  River  about  6  miles  west 
of  Prineville,  near  where  the  valley  changes  to  a  canyon.  This  rem- 
nant, spared  by  erosion,  is  by  aneroid  measure  about  250  feet  high  and 
is  instructive  not  only  on  account  of  its  striking  topographic  form,  but 
because  at  the  base  of  the  basalt  there  is  evidence  that  the  lava  of 
which  it  is  composed,  while  yet  molten,  entered  water  or  at  least 
flowed  over  a  w^et  surface.  The  base  of  the  sheet. for  a  thickness  of 
from  3  to  7  feet  is  open  textured,  or  ''  shredded,"  and  rough,  and  has 
masses  of  the  underlying  shale  involved  in  it  for  a  distance  of  from 
a  few  inches  to  fully  3  feet  above  the  general  plane  of  contact.** 

WATER    RESOURCES. 

Surface  waters. — From  the  simimit  of  the  erosion  remnant  just 
referred  to  a  fine  view  is  obtainable  of  the  broad,  fruitful  valley  to 

«  For  characteristics  of  lavas  that  flowed  into  water,  see  Russell.  I.  C,  Geology  and 
water  resources  of  the  Snake  River  plains  of  Idaho:  Bull.  U.  S.  Geol.  Survey  No.  199, 
1902,  pp.  113-117. 
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the enat,  in  which  the  spiix's  of  Prinuvillo,  when  illuminated  by  an  j 
evening  siui,  glenni  brightly  in  the  iiiiddle  distance.     Bordering  the 
yellow-fringed  stream  on  either  side  are  level  fields  seemingly  well  i 
loc»t«d  for  irrigation,  which  in  the  aggregate  have  an  area  of  perhaps  1 

5  to  10  square  uuleH.    Thi.s  alluvinl  plain  is  fnr  too  large  to  be  watered  ■  ] 
by  the  summer  flow  of  the  stream  which  meanders  through  it,  even  ] 
when  aided  by  the  few  small  brooks  which  have  their  source  in 
springs  in  the  deeper  gulches  and  enter  the  valley  from  the  hill  on  ita  i 
northern  border. 

As  Priuevilie  will  no  doubt  continue  to  be  a  thriving  town,  and  as 
Ihe  adjacent  valley  contains  one  of  the  finest  areas  of  agricultural  land 
in  central  Oregon,  every  effort  should  l>e  made  to  bring  it  under  culti- 
vation. The  first  step  in  thin  direction  is  obviously  to  store  the  winter 
run-oiT  of  Crooked  River  and  of  each  of  its  tributaries  that  enters 
the  valley.  The  conditions  seem  to  favor  such  a  plan,  but  only  de- 
tailed surveys  can  be  relied  upon  to  show  what  can  be  accomplished. 
One  of  the  difficulties  to  be  mot  with  is  the  great  annual  fluctuation  in 
the  volume  of  Crooked  River.  At  times  when  the  snow  mcltt;  on  the 
mountains  to  the  east,  the  river  rises  fully  25  feet  above  its  sunmwr 
stages,  and  destructive  floods  occur,  Pnneville  is  within  reach  of 
such  floods  and  in  danger  of  a  great  disaster.  In  the  future  growth 
of  the  town  this  should  be  borne  in  mind,  and  safer  ground  chosen 
on  which  to  build.  Another  matter  which  demands  attention  is 
the  pollution  of  the  river.  Refuse  of  all  sorts  is  now  dumped  into 
the  stream  or  left  on  its  immediate  banks,  and  its  water,  especially 
during  the  low  summer  stages,  is  seriously  contaminated. 

WcZfa.^Prineville  is  supplied  with  water  by  the  Prinevillc  Light 
and  Water  Company  from  a  group  of  23  "  driven  "  wells,  which  were 
put  down  in  1899  in  the  eastern  portion  of  the  town  within  a  radius 
of  about  100  feet.  The  deepest  well  goes  down  280  feet ;  the  pipes 
used  are  3  inches  in  diameter;  the  water,  which  is  slightly  alkaline, 
is  raised  by  a  steam  pump,  discharging  about  300  gallons  per  minute. 
The  water  is  stored  in  a  reservoir  and  distributed  through  pipes  in 
the  usual  manner.  The  material  passed  through,  in  driving  the 
wells  is  reported  to  be  as  follows: 

Section  of  welt  at  I'rlnrville,  Crook  Counly,  Orcff. 


White    dJiy 

QuIcksMind,    fliii.' 

Gravel    3t( 


QulckMind    (volcanic  dust?).. 
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Water  was  reached  at  a  depth  of  about  32  feet,  but  the  supply 
continued  to  increase  until  a  depth  of  60  feet  was  reached.  The 
main  supply  comes  from  the  so-called  quicksand,  probably  volcanic 
dust,  found  beneath  the  layer  of  white  clay  32  to  34  feet  below  the 
surface.  The  fine  sand,  or  volcanic  dust,  is  excluded  from  the  pipe 
by  means  of  wire  gauze.  The  water  at  first  rose  3  to  4  feet  above 
the  surface  level  of  the  adjacent  creek.     Its  temperature  is  54°  F. 

The  rise  of  the  water  in  the  well  just  described  is  evidence  of  arte- 
sian pressure  and  favors  the  hope  that  flowing  wells  can  be  obtained 
in  the  same  or  adjacent  areas.  As  the  wells  terminate  in  the  water- 
bearing stratum,  they  do  not  furnish  a  complete  test  of  the  artesian 
conditions.  The  formation  penetrated  is  widely  extended,  and  in 
the  walls  of  the  canyons  of  Crooked  and  Deschutes  rivers  near  their 
junction  is  over  800  feet  thick,  but  the  lower  limit  is  unknown. 
While  the  thickness  of  the  porous  beds  in  these  canyons  does  not 
prove  that  the  portion  of  the  deposit  beneath  Prineville  is  equally 
thick,  yet  it  is  at  least  a  suggestion  that  the  present  wells  might  be 
continued  much  deeper  with  the  hope  of  obtaining  an  additional 
water  supply. 

The  geologic  conditions  shown  by  the  wells  at  Prineville  and  by 
the  sections  exposed  in  the  canyons  of  Crooked  and  Deschutes  rivers, 
together  with  such  evidence  as  is  available  concerning  the  topog- 
raphy of  the  region,  all  favor  the  hope  that  artesian  water  can  be 
had  in  Prineville  Valley. 

The  presence  of  a  definite  artesian  basin  is  not  suggested  by  the 
known*  conditions,  however,  but  rather  by  the  possibility  that  an 
"  artesian  slope,"  ®  or  wedge-shaped  beds  of  previous  material  inclosed 
in  impervious  material,  may  be  present.  While  no  prediction  worthy 
of  consideration  can  be  made  that  flowing  water  will  be  obtained  in 
the  valley  if  wells  are  drilled,  the  conditions  are  such  as  to  warrant 
making  a  thorough  test  in  that  connection  at  any  point  on  the  alluvial 
bottom  lands  from  Prineville  to  Forest. 

For  the  benefit  of  the  people  interested  in  the  development  of 
Prineville  Valley  I  venture  to  suggest  the  propriety  of  their  combin- 
ing in  an  enterprise  having  for  its  aim  the  making  of  a  thorough 
test  of  the  possible  artesian  conditions  beneath  the  valley.  A  number 
of  the  owners  of  land  in  the  valley  might  well  contribute  to  the  cost 
of  putting  down  a  well,  the  expense  to  \ye  shared  by  all  if  failure 
resulted,  and  the  owner  of  the  land  on  which  the  well  is  drilled  to 
meet  the  entire  cost  if  flowing  water  should  be  obtained.  One  flow- 
ing well  would  be  evidence  that  others  in  various  parts  of  the  valley 
would  probably  be  successful.     The  water-bearing  formation,  how- 

"  KuBsell,  I.  C,  Geology  and  water  resources  of  the  Snake  River  plains  of  Idaho :  Bull. 
U.  S.  Geol.  Survey  No.  11)9,  1902. 
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ever,  is  euniposed  of  many  variable  layers,  and  so  far  as  can  now  be 
j  iidged  no  one  of  tliein  may  bo  widely  extended. 

Tbe  proposed  test  well  should  be  put  down  on  the  north  side  of 
Crooked  River,  in  the  vicinity  of  the  medial  line  of  the  valley,  iind 
fontiniied  until  hard  rock  is  reached.  The  well  should  be  drilled 
under  the  direction  of  a  competent  hydraulic  engineer  who  has  imd 
extensive  experience  in  that  line  of  work,  and  the  pressure  in  each 
water-bearing  layer  accurately  test»d.  The  nature  of  the  records 
that  it  is  desirable  should  be  kept  while  drilling  such  a  well  has  been 
indicated  in  a  previous  report." 

CANTONS   or   CHUCKED   RIVKR    BELOW    PRINEVILLE   VALLEY. 

About  (i  miles  west  of  Prineville,  as  already  stated,  the  valley 
excavated  by  Crooked  River  contracts  in  width  and  becomes  a  canyon, 
but  for  a  distance  of  alx)iit  6  miles  farther,  or  to  the  vicinity  of  the 
former  post-office  known  as  Forest  (where  there  is  now  a  store  and 
where,  as  may  reasonably  be  expected,  a  nllage  will  in  time  be  built), 
there  is  alluvial  land  on  the  borders  of  the  river,  now  occupied  by 
several  valuable  ranches.  The  portion  of  the  canyon  above  Forest 
is  in  reality  a  continuation  of  Prineville  Valley  and  shares  with 
it  the  probability  of  future,  agricultural  development.  Below  Forest  _ 
all  the  way  to  the  Deschutes,  a  distance  of  over  30  miles,  Crooked  « 
River  flows  through  ii  narrow  canyon  with  essentially,  and  often 
actually,  vertical  walls,  and  there  is  no  alluvial  land  in  its  bottom. 
Throughout  this  portion  of  the  river  there  is  but  one  place  where 
a  team  and  wagon  or  even  a  pack  train  can  be  taken  across  it,  namely, 
at  Trail  Crossing,  about  18  miles  below  Prineville  and  7  miles  below 
Forest.  Toward  this  locality  Indian  trails  formerly  converged  on 
each  side  of  the  river:  later,  frontiersmen,  with  their  saddle  ponies 
and  pack  horses,  sought  the  same  breaks  in  the  canyon  walls;  and 
within  the  past  few  years  a  road  has  been  graded  on  the  declivities 
of  the  opposite- facing  precipices  and  a  good  bridge  thrown  across 
the  river.  Trail  Crossing  is  thus  an  instructive  locality  in  reference 
to  the  control  exerted  by  geographic  conditions  on  the  affairs  of  men. 
The  canyon,  too,  is  of  great  geologic  interest,  and,  on  account  of  its 
wildness  and  pictui-esqueness,  will  no  doubt  in  the  future  attract  to 
its  secluded  depths  many  curious  travelers. 

The  portion  of  the  canyon  of  Crooked  River  under  consideration 
may  be  divided  into  two  portions,  which  are  strikingly  different,  and 
for  convenience  may  witii  propriety  be  given  independent  names. 
From  near  Forest  to  Trail  (!^rossing,  Crooked  River  has  excavated  its 
canyon  along  the  border  of  the  vast  lava  fields  extending  from  the 
brink  of  its  left  wall  westward,  and  on  the  right  has  eroded  the  base 
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of  a  rugged  mountain  composed  of  light-colored  acid  tuffs  cut  by  a 
great  basic  dike.  The  tuffs,  under  the  destructive  action  of  wind  and 
rain,  have  been  sculptured  into  many  remarkable  monumental  forms, 
one  of  which  is  shown  on  PL  X.  On  account  of  these  unique  monu- 
ments of  atmospheric  erosion  the  portion  of  the  canyon  to  which 
they  add  picturesqueness  may  well  be  termed  "  Monument  Canyon." 
Below  Trail  Crossing  the  canyon  of  Crooked  River  becomes  still  nar- 
rower and  assumes  the  characteristics  of  what  are  significantly 
termed  "  box  canyons."  In  its  bottom,  about  midway  between  Trail 
Crossing  and  the  mouth  of  the  river,  a  superb  flow  of  clear,  cool 
water,  known  as  Opal  Spring,  gushes  out  of  the  rocks.  To  the  por- 
tion of  the  canyon  to  which  this  spring  adds  an  especially  attractive 
feature,  giving  in  summer  new  life  to  the  exhausted  river,  the  name 
Opal  Canyon  may  fittingly  be  applied. 

MONUMENT  CANTON. 

The  left,  or  southern,  wall  of  Monument  Canyon,  approximately 
250  feet  high,  is  surmounted  by  a  rim  rock  of  basalt  about  40  feet 
thick,  beneath  which  are  soft,  unconsolidated,  stratified  deposits,  con- 
sisting mostly  of  tuff.  The  contact  of  the  basalt  with  the  formation 
on  which  it  rests  is  irregular  and  even  rugged,  indicating  that  the 
lava,  while  molten,  advanced  over  a  wet  surface.  Along  the  plane  of 
contact  the  tuff  beds  are  changed  from  their  usually  gray  or  yel- 
lowish colors  to  red,  on  account  of  the  oxidation  of  the  iron  they  con- 
tain. The  sheet  of  basalt  exposed  in  section  in  the  canyon  wall 
extends  southward  from  the  brink  of  the  canyon  for  about  a  mile, 
and  has  an  uneven  surface  in  part  smoothed  over  by  wind-deposited 
dust,  which  forms  a  rich  soil.  Its  southern  margin  skirts  the  base  of 
an  irregular  escarpment  of  basalt,  about  100  feet  high,  from  the  crest 
of  which  a  plain  of  basalt  ext<;nds  south  and  west  for  many  miles. 
This  escarpment  is  the  rim  rock  of  an  old  canyon  cut  by  Crooked 
River,  which  was  later  invaded  by  a  lava  stream,  or  rather  inunda- 
tion of  molten  rock,  which  gave  it  its  present  rough  surface.  Subse- 
quent to  this  event  the  river  excavated  the  present  and  deeper  canyon, 
on  the  northern  slope  of  which  the  remarkable  erosion  columns  from 
which  it  derives  its  name  are  situated. 

The  north  wall  of  Monument  Canyon  rises  precipitously  several 
hundred  feet  higher  than  the  nearly  level-crested  cliff  bordering  it 
on  the  south,  and  presents  striking  contrasts  to  it  in  nearly  every  fea- 
ture. The  mountain-like  elevation  on  the  north  is  composed  mainly 
of  light-colored,  mostly  yellowish,  tuffs  in  well-defined  beds,  which 
in  general  dip  northeast  at  angles  of  40°  to  50°.  The  beds  are  of 
unequal  hardness,  some  being  resistant  to  the  destructive  action  of 
wind  and  rain  and  standing  out  beyond  their  neighbors  as  sharp  ser- 
rated ridges,  along  which  are  numerous  pinnacles  and  spines.     Cut- 


88      GEOLOGY  AND  WATER  REHOlTttl!K«,   CENTRAL  OREtlON.  I 

ting  the  cot  i  soli  tinted  ami  steeply  incliiieii  tuff  lieds  is  an  imnienWi 
dike  iif  dark  basic  it>ck,  pnibably  basalt,  which  has  a  width  of  almul*] 
1,000  feet  and  trends  northeast  and  southwest.    To  the  northeast  tl 
dike  can  be  traeed  for  u  iniU*  or  iiioi-e,  and  in  il.s  present  weathered 
condition  forms  rounded  hilla  and  donnw,  conspicuous  on  account 
their  rich  brown  colors. 

In  Monument  C-anyon  a  wonderfully  interesting  page  of  the  earth' 
history  is  laid  o\»n,  but  its  fidl  meaning  can  only  Ijo  interpreted  after 
more  careful  i ti vest igat ion  than  my  necessarily  hurried  visit  i>er- 
mitted.  The  lesson  il  twiches  pertains  to  the  region  to  the  north,  and 
particularly  to  the  history  of  Gray  Bntte  and  the  country  about  Cul- 
ver and  Haysljick,  but  must  Ijc  left  for  future  study. 
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Crooked  River  at  Trail  Crossing,  at  the  time  of  my  visit  early  in 
August,  had  shrunk  to  a  brook  of  tepiil,  muddy,  and  unwholesoautj 
Water,  across  which  one  could  step  dry-sIuKl  from  stone  to  stone.     Its^l 
Tolume,  by  estimate,  was  not  inoi-e  than  2  cubic  feet  per  second.     Thff 
high-water  marks  along  the  sides  of  the  canyon,  however,  were  aboul 
25  foot  above  its  nearly  dry  door.    On  descending  into  the  can^'oiff 
about  12  miles  lower  down  its  course  I  was  surprised  to  find  a  swiftj 
flowiuji,  clear  stre:im  of  cmtl,  delicious  water,  by  estimate  100  f« 
widi'  and  :i  feet  dcop.  with  a  volume  of  not  less  than  300  cubic  feot' 
per  second.     This  remarkable  renewal  or  resuscitation  of  a  stream  in 
an  arid  land  is  due  to  the  inflow  of  Opal  and  other  similar  springs. 
The  probability  that  this  subterranean  water  supply  comes  from  far 
up  the  course  of  Deschutes  River,  where  its  banks  are  of  open-textured 
basalt,  will  be  considered  later  in  describing  the  influence  that  a  recent 
lava  flow  from  Lava  Butte  exerts  on  the  vohmie  of  the  Deschutes  (pp. 
116-117). 

The  most  conspicuous  fact  in  the  geography  of  Crooked  River  Can- 
yon is  that  in  places  it  consists  of  two  canyons,  an  outer  and  an  inner 
one.  On  cros.sing  the  adjacent  basaltic  plain  below  Opal  Spring  and 
gaining  the  brink  of  the  outer  canyon,  one  finds  that  it  is  margined  on 
each  side  by  a  vertical  escarpment  or  rim  rock  of  basalt,  in  general 
from  80  to  100  feet  thick,  beneath  which  there  are  soft,  incoherent 
beds,  the  outcrops  of  which  in  the  canyon's  walls  are  in  most  places 
concealed  beneath  talus  slopes  or  debris  aprons.  At  a  level  of  250 
feet  below  the  crest  of  the  outer  canyon  there  is  a  generally  flat  ili>or 
with  a  surface  rough  except  where  wind-de]X)sited  dust  has  accumu- 
lated or  sand  and  gravel  from  its  bordering  escarpment  has  been 
washed  out  upon  it.  ('ut  in  this  is  the  iinier  canyon,  wliich  for  a  dis- 
tance of  from  3  to  4  miles  IksIow  Opal  Spring  is  .').'>0  feet  deep  (PI. 
,Y/,  A,  II).    The  outer  canyon  is  \ievt;  \\\  general  form  1  to  \\  miles 
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wide,  but  has  a  greater  width  farther  north,  where  it  unites  with  the 
similar  canyon  occupied  by  Deschutes  River.  The  inner  canyon  is 
irregular  both  in  direction  and  in  width.  In  places  it  is  margined  on 
each  side  by  the  floor  of  the  outer  canyon  and  in  other  places  the  two 
canyons  have  a  common  wall  on  one  side.  The  sides  of  the  inner 
canyon,  where  it  is  situated  medially  in  the  floor  of  the  outer  canyon, 
are  of  compact  basalt,  without  well-defined  or  continuous  bedding, 
but  with  irregular  columns  from  base  to  summit  (PI.  XII).  Where 
the  walls  of  the  two  canyons  coincide  a  thickness  of  650  feet  of  irregu- 
larly lx»dded  clay,  sand,  gravel,  and  volcanic  dust  and  lapilla  is  ex- 
posed, above  which  is  a  rim  rock  from  80  to  100  feet  thick  of  the 
basalt  which  forms  the  surface  of  the  greater  part  of  the  Deschutes 
plain.  Where  the  inner  canyon  has  a  wall  of  basalt  on  each  side  it  is 
seldom  more  than  500  or  600  feet  across,  but  its  width  increases  to  800 
or  1,000  foet  where  the  two  canyons  have  one  wall  in  common. 

The  conditions  just  described  occur  again,  with  nearly  the  same 
details,  in  the  canyon  of  Deschutes  River  for  a  distance  of  about  8 
miles  upstream  from  where  Crooked  River  joins  it.  How  far  below 
or  north  of  the  junction  of  the  two  rivers  the  inner  canyon  extends 
on  the  Deschutes  is  unknown  to  the  writer. 

The  history  recorded  in  the  facts  descril)ed  above  is  in  brief  as 
follows:  After  the  broad  ancient  valley  of  the  Deschutes  had  been 
filled  to  a  depth  in  excess  of  700  feet  with  loose  stream-deposited 
debris,  consisting  mostly  of  black  volcanic  sand  and  gravel,  and  this 
material  covered  by  the  w^idely  extended  sheet  of  basalt  now  forming 
the  surface  of  the  major  portion  of  the  Deschutes  plain,  the  rivers 
displaced  from  their  former  courses  flowed  across  the  young  lava 
plain  and  excavated  canyons  in  it,  which,  in  the  case  of  Deschutes  and 
Crooked  rivers,  are  a  mile  wide  and  over  800  feet  deep.  Next  came  a 
flow  of  molten  basaltic  rock,  which  entered  the  canyons  and  filled  them 
to  a  depth  of  over  550  feet  for  many  miles.  Subsequently  the  same 
streams,  again  displaced  but  still  confined  to  their  former  but  deeply 
filled  (*anyons,  resumed  their  work  of  erosion  and  cut,  in  solid  basalt^ 
the  inner  canyon  descrilxisd  aboA'^e.  In  the  portion  of  the  canyon 
examined  the  task  of  cutting  through  this  layer  is  as  yet  incomplete, 
and  the  rivers  flow  swiftly  over  solid,  compact  basalt. 

This  is  one  of  the  most  remarkable  instances  known  of  a  river  strug- 
gling, as  it  were,  to  maintain  its  right  of  way  against  the  opposition 
offered  by  stupendous  showers  or  downpourings  of  volcanic  dust  and 
lapilli  and  by  vast  outflows  of  lava  which  hardened  into  dense,  resist- 
ant rock.  The  time  occupied  in  the  excavation  of  the  outer  canyons 
was  probably  not  great,  as  the  material  in  which  these  were  exca- 
vated, with  the  exception  of  the  covering  sheet,  was  loose  and  inco- 
lierent,  but  the  inner  canyons,  in  places,  and  for  distances  in  several 
instances  of  at  least  2  or  3  miles,  were  cut  in  hard,  compact  basalt,  and 
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their  erosion  to  a  depth  of  550  feet  must  have  required  many  thou- 
sands of  years.  It  is  worthy  of  note,  however,  that  the  conditions 
along  the  courses  of  both  Deschutes  and  Crooked  rivers,  in  the 
region  under  consideration,  ai-e  usually  favorable  for  rapid  erosion. 
The  rivers  are  swift,  and  the  abundance  of  loose,  coarse  sand  and 
gravel  discharged  into  them  whei-e  they  wash  the  borders  of  the  older 
or  outer  canyons  furnishes  as  large  a  supply  of  abrasive  material  us 
the  water  can  transport.  In  the  case  of  Crooked  River  these  favor- 
able conditions  are  still  more  enhanced  by  the  spring  freshets  that 
occur,  during  which  the  river  becomes  a  raging  torrent-  These  favor- 
able conditions  for  rapid  mechanical  erosion  are  offset,  however,  by 
the  hardness  of  the  rocks  over  which  the  rivers  flow,  and  the  task  of 
deepening  the  channels  has  progressed  but  slowly. 

PI.  XI,  .1,  shows  both  the  outer  and  inner  canyon  of  Crooked  Iliver 
about  3  miles  north  of  Opal  Spring.  The  view  is  northward,  and  the- 
hill  on  the  distant  tnble-land  is  a  low  steptoe,  about  5  miles  northwest 
of  the  village  of  Haystack.  To  the  left  in  the  picture  can  be  seen  the 
junction  of  the  basalt,  in  which  the  inner  canyon  has  been  excavated, 
with  the  stratified  volcanic  gravel,  etc.,  of  the  outer  canyon.  PI. 
XI,  fi,  shows  the  wall  of  the  outer  canyon  as  seen  from  the  brink  of  the 
inner  canyon.  Detjiils  in  the  wall  of  the  inner  canyon,  and  especially 
the  irregular  jointing  of  the  basalt,  are  shown  on  PI. XII.  Contrasted' 
with  the  vertically  jointed  basalt  of  the  inner  canyon  is  the  horizontal 
although  irregular  bedding  of  the  material  forming  the  walls  of  the 
outer  canyon  below  their  rim  rock  of  basalt,  in  which  white  layers  of 
volcanic  dust  are  conspicuous,  as  may  be  seen  on  PI.  XI,  B.  Beds  of 
diatomaceous  earth  are  perhaps  also  present.  PI.  XIII,  A,  shows  a 
remnant  of  the  wall  of  the  inner  canyon  of  the  Deschutes  abutting 
against  the  escarpment  of  the  outer  canyon  about  8  miles  upstream 
from  the  mouth  of  Crooked  River.  PI.  XIII,  7i,  illustrates  the 
topography  of  the  canyon  of  Deschutes  River  upstream  from  where 
it  was  invaded  by  a  flow  of  basalt. 

nERt;HlTTFS   SAND. 

The  material  forming  the  walls  of  the  outer  canyon  of  Descliutes 
and  Crooked  rivers  demands  careful  study  with  reference  not  only 
to  its  composition  and  the  evidence  it  contains  respecting  the  condi- 
tions under  which  it  was  deposited,  but  in  order  to  learn  how  far  it 
meets  the  conditions  favoring  the  retention  of  water  under  pressure. 
This  same  formation,  it  will  be  remembered,  extends  eastward  and 
underlies  Prtneville  Valley,  where  artesian  water  will  probably  be 
discovered.  It  also  underlies  the  sheet  of  basalt  exposed  here  and 
there  beneath  the  rich,  wind-deposited  soils  of  a  large  sectitm  of  the 
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Haystack  country,  to  the  north  and  east  of  Opal  Canyon.  Sufficient 
attention  has  not  as  yet  been  given  to  the  formation  in  question  to  en- 
able a  description  of  it  to  be  put  on  record,  but  such  notes  as  are  avail- 
able show  that  it  was  w^aterlaid,  probably  by  widely  expanded  and 
fully  loaded  or  overloaded  streams,  which  divided  and  reunited  after 
the  manner  of  "  laced  "  streams.  The  nature  of  streams  of  this  class 
is  indicated  by  the  well-known  example  of  Platte  River,  Nebraska, 
which  flows  over  its  broad,  sandy  bed  in  many  locally  separate  but 
constantly  uniting  and  again  subdividing  channels.  The  material 
forming  the  "  Deschutes  sand,"  as  the  formation  will  perhaps  be 
termed  when  its  history  is  more  fully  studied,  consists  largely  of 
black  basic  and  frequently  scoriaceous  grains  and  kernels  of  volcanic 
rock,  forming  a  coarse  sand,  mingled  with  which  are  lesser  quantities 
of  quartz  grains.  Although  the  stratification  is  distinct  and  the  beds 
thinly  laminated,  the  individual  layers  can  not  usually  be  traced  for 
more  than  a  few  hundred  yards.  The  deposit  throughout  is  fre- 
quently cross-bedded ;  that  is,  contains  evidence  of  having  been  depos- 
ited by  strong  currents.  Some  of  the  beds  are  composed  of  well-worn 
gravel,  the  pebbles  at  times  being  6  to  8  inches  in  diameter.  Clay- 
like beds,  which  would  evidently  serve  the  role  of  retaining  layer  in 
an  artesian  basin,  are  present,  but,  so  far  as  seen,  are  local  accumula- 
tions rather  than  widely  extended  strata.  The  most  conspicuous  lay- 
ers, of  which  10  or  more  can  sometimes  be  counted,  are  composed  of 
white  volcanic  dust.  A  bed  of  white  diatomaceous  earth,  identical 
in  appearance  with  the  volcanic  dust  referred  to,  was  found  at  the 
lower  bridge  across  the  Deschutes,  about  20  miles  south  of  the  mouth 
of  Crooked  River,  and  other  similar  beds  may  be  present  in  the  adja- 
cent region.  This  diatomaceous  earth  is  composed  of  the  beautiful 
siliceous  cases  or  frustules  of  certain  minute  one-celled  algae,  and 
resembles  the  finer  grades  of  white  volcanic  dust  so  closely  that  a 
microscope  is  required  to  reveal  the  difference  to  the  eye. 

The  formation  referred  to  above  as  the  Deschute  sands  is  exposed 
in  the  canyon  wall  of  the  river  after  which  it  is  named  for  at  least  25 
miles  upstream  from  the  mouth  of  Crooked  River,  and  is  probably 
present  for  a  long  distance  below  that  locality.  It  is  also  exposed, 
as  has  been  stated,  at  many  localities  in  the  canyon  walls  of  Crooked 
River  from  Prineville  west  to  the  Deschutes,  and,  no  doubt,  under- 
lies several  hundred  square  miles  of  the  Deschutes  plain. 

THE  HAYSTACK  COUNTRY. 
SOIL  AND  SETTLEMENT. 

In  the  north-central  portion  of  Crook  County,  north  and  east  of 
Opal  Canyon,  And  east  of  the  Deschutes  below  the  mouth  of  Crooked 
River,  there  is  an  area  embracing  at  least  8  or  10  townships,  most  of 
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which  is  an  undulating  plain  covered  with  a  line  rich  soil.  In  » 
state  of  nature  this  gi'ent  tract  of  open  country  was  a  prairift  of 
bunch  gi-asp  roamed  over  by  antelope  and  deer,  and  owing  to  the 
scarcity  of  water,  which  prohibits  sununor  pasturing,  much  of  the 
laud  is  stilt  well  clothed  with  native  grosses.  The  soil  is  fine  in  tex- 
ture, and  evidently  owes  its  origin  principally  to  the  deposition  of 
wind-borne  dust.  In  the  nature  of  its  soil,  the  luxuriance  of  tho 
native  grasses,  and  also  in  the  fact  that  "dry  farming"  is  success- 
fully carried  on,  this  region  re.scnibles  the  Palouse  country  of  eastern 
Washington,  famous  for  its  highly  productive  wheat  fields.  In  each 
of  those  extensive  i-egions  favorable  yields  of  grain  can  be  grown 
without  irrigation,  although  the  mean  annual  precipitation  is  too 
small  to  i>ermit  successful  agriculture  unless  some  exceptionally  favor- 
able soil  condition  is  present.  The  detenninative  condition  is  the 
retentive  character  of  the  fine.  Hour-like  soil,  which  permits  it  to 
absorb  and  retain  tenaciously  all  of  the  water  that  falls  upon  it. 

The  region  about  Culver,  Haystack,  Haycrcek,  etc.,  or  the  "  Hay- 
stack country."  as  it  is  familiarly  termed  on  account  of  the  abundant 
crops  of  hay  obtained  in  certain  favored  tracts  where  water  is  avail- 
able for  irrigation,  is  becoming  occupied  by  farms  with  wonderful 
rapidity.  During  the  past  three  or  four  years  the  nish  of  ranchers 
to  this  new  farming  land^new  in  the  sense  that  the  discovery  that 
cereals  and  even  maize  can  be  raised  on  it  is  but  recent— ^can  be  com- 
pared to  the  rush  of  fortune  seekers  to  a  new  gold  field.  The  broad, 
grassy  plain,  which  a  few  years  ago  wastenantless,  is  now  dotted  with 
settlers'  cabins,  the  freshly  sawed  boards  of  which  still  gleam  yellow 
in  the  intense  sunlight.  This  region  of  dry  farming  may  also  be  said 
to  be  a  country  of  dry  housekeeping,  since  no  water  is  available  for 
domestic  use  within  a  distance  of  several  miles  of  the  majority  of  the 
recently  built  houses.  In  the  case  of  about  300  homes,  situated  to 
the  west  of  Culver  and  south  of  Haystack,  water  for  domestic  use 
is  transported  in  wagon  tanks  for  distances  ranging  from  5  to  10 
miles.  The  one  most  essential  thing  on  which  the  future  prosperity 
of  this  otherwise  favored  region  is  dei>endent  is  the  procuring  of  a 
water  supply  adequat«  at  least  for  household  uses  and  for  the  main- 
tenance of  stock  in  sufficient  numbers  to  carry  on  grain  and  hay 
ranches. 


This  interesting  and  economicjilly  highly  promising  region  was 
barely  entered  during  the  reconnaissance  and  no  more  can  be  said  in 
reference  to  its  water  resources  than  that  it  has  [xtssibilities  that 
demand  careful  consideration  from  hydraulic  engineers.  As  to  the 
question  of  obtaining  artesian  water,  but  little  information  is  avail- 
able, but  that  little  is  suggestive  and  warrants  further  study.     On 
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the  east  the  Haystack  country  is  bordered  by  uplands  having  a 
mature  topography  such  as  hills  long  exposed  to  the  denuding  agen- 
cies of  the  air  and  of  rain  and  streams  commonly  present.  These 
uplands  were  a  part  of  the  eastern  border  of  Deschutes  Valley 
before  it  became  deeply  filled  with  volcanic  dust,  sand,  gravel,  etc., 
and  flooded  with  lava.  Its  rocks  are  composed,  so  far  as  known, 
and  judging  from  topographic  forms  seen  at  a  distance,  probably  to  a 
great  extent  of  compact  tuffs,  in  beds  which  dip  westward  and  pass 
beneath  the  Deschutes  plains.  The  hills  when  seen  in  profile  from 
the  south  present  long  slopes  on  the  western  sides  and  steep,  rocky 
escarpmente  facing  efst.  ^a  general  way  this  structure  is  favor- 
able  to  the  hope  of  obtaining  artesian  water  where  the  rocks  referred 
to  underlie  the  plain  to  the  west,  but  the  nature  of  the  rocks,  whether 
containing  alternating  porous  and  impervious  beds,  etc.,  is  unknown. 
To  the  west  of  the  ancient  uplands  and  terminating  against  them 
are  the  lava  flows  and  underlying  gravels,  etc.,  of  Deschutes 
Valley.  In  the  open-textured  deposits  beneath  the  surface  sheet  of 
basalt,  as  in  Prineville  Valley,  there  is  a  possibility  that  water  under 
pressure  may  exist,  but  an  answer  to  this  question  can  only  be  had 
by  drilling  test  wells. 

Although  nothing  definite  can  at  present  be  said  in  reference  to 
the  probability  of  obtaining  flowing  water  in  the  Haystack  country, 
it  seems  safe  to  predict  that  wells  drilled  through  the  basalt  which 
occurs  beneath  the  soil  of  the  plain  to  the  west  of  Culver  and  Hay- 
stack will  at  least  furnish  water  which  can  be  raised  by  means  of 
pumps.  The  localities  most  favorable  for  such  tests  are  on  the  broad 
plain  at  as  great  a  distance  as  practicable  from  hills.  This  restric- 
tion is  made  because  in  at  least  one  locality  about  10  miles  west  of 
Haystack  the  older  rocks,  probably  tuffs,  which  underlie  the  more 
recent  gravels,  basalt,  etc.,  that  now  give  a  level  floor  to  Deschutes 
Valley  rise  to  the  surface  and  form  a  low  steptoe,  or  isolated  hill,  in 
the  lava  plain.  A  well  put  down  here  would  probably  pass  through 
about  100  feet  of  compact  basalt,  exceedingly  hard  to  penetrate,  and 
enter  the  thick  deposit  of  gravel,  tuff,  volcanic  dust,  etc.,  which  occurs 
beneath  it.  As  already  stated,  however,  this  sedimentary  formation 
had  an  imeven  surface  and  was  in  places  deeply  trenched  previous  to 
l^eing  covered  with  the  basalt  that  now  rests  upon  it,  so  that  an  even 
greater  thickness  of  basalt  than  that  mentioned  might  be  encoun- 
tered. In  this  connection  it  may  be  suggested  that  if  more  than  125 
feet  of  basalt  should  be  discovered  in  drilling  a  test  well  the  aban- 
donment of  the  undertaking  and  another  attempt  a  mile  or  so  away 
would  be  justified. 

As  stated  above,  my  journey  took  me  to  the  margin  of  the  Hay- 
stack country,  and  although  the  desirability  of  making  a  study  of  its 
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geology,  lit'  leiist  so  far  lis  the  facts  bearing  on  the  ijossibility  of  n 
611  l)ti>rrii Ilea n  water  Mijiply  are  conoenied,  was  fully  recognized,  the 
extent  of  country  to  be  examined  was  seen  to  be  so  great  that  the  hope 
of  travemng  it  in  the  time  available  had  to  be.  abandoned.  One 
conclusion  reached  during  my  hasty  \Tsit  which  may  be  welcome  to 
the  residents  of  the  region  is  that  the  conditions  favoring  agricul- 
ture are  there  so  great  that  unusual  efforts  are  justified  in  attempting 
to  supply  the  demand  for  water, 

I  have  been  informed  by  Mr.  A.  M.  Drake,  president  of  the  Pilot 
Butte  Development  Company,  that  fletailed  sui-veys  made  under  hi^ 
direction  have  shown  that  water  taken  from  De.schutes  River  at  Ben- 
ham  Fails  can  l>e  conducted  across  the  bi-oad  lava  plain  lying  between 
Powell  and  Pilot  buttes  and  across  Opal  Canyon  to  the  rich  lands 
lying  west  of  Culver  and  Haystack,  This  is  a  part  of  an  extensive 
and  apparently  well -matured  plan  for  the  irrigation  of  a  vast  extent 
of  now  unproductive  land  in  the  west-central  part  of  Crook  County, 
concerning  which  I  am  not  in  a  position  to  do  more  than  make  men- 
tioii  at  this  time. 

^b  VOLCANIC   IHINEB. 


Chnrapfer  and  age. — On  the  east  side  of  the  Cascade  Mountains  ii 
Orcpon.  and  in  ireneral  from  1-^  to  SO  miles  from  their  crest,  are  8 
number  of  isolated  conical  buttes,  which  from  their  shapes  and  what 
is  known  of  the  general  geology  of  the  region,  as  well  as  the  somewhat 
detailed  information  concerning  a  few  of  them  which  is  in  hand,  may 
be  safely  classt^d  as  volcanic  peaks.  They  evidently  present  a  wide 
range  in  age  and  considerable  variations  in  the  nature  of  the  rocks  of 
which  they  arc  composed. 

The  buttes  referred  to  are  associated  with  the  Cascade  Mountains, 
and  in  a  comprehensive  study  of  the  geology  of  that  range  should 
evidently  be  considered  as  adjuncts  to  it.  On  the  other  hand,  their  iso- 
lation in  many  instances  and  their  evident  independence  of  all  neigh- 
boring elevations  make  them  features  of  the  broad  lowlands  of  the 
central  part  of  the  State. 

In  the  case  of  mountains  left  by  the  erosion  of  upraised  portion*; 
of  the  earth's  crust,  and  also  in  examples  of  deeply  dissected  volcanic 
mountains,  isolated  remnants  of  the  formerly  more  extensive  uplands 
alwut  their  borders  are  frequently  left  and  are  conveniently  desig- 
nated foothills.  But  in  the  case  of  the  Cascade  Mountains  in  Oregon 
a  magnificent  example  of  built-up  mountains  is  furnished,  in  which 
the  constructional  agency  was  volcanic  energy,  and  the  flanking  ele- 
vations or  foothills,  instead  of  l)eing  remnants  left  by  erosion,  are  of 
the  same  character  as  the  main  range.  These  secondary  volcanic 
piles  may  be  roughly  classified  as  ancient  or  modern.     In  general, 
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the  older  series  of  volcanic  cones  and  associated  lava  fields  are  com- 
posed of  andesite  and  related  lavas,  and  the  younger  serias  for  the 
most  part  of  basaltic  rocks.  This  generalization,  however,  is  not 
strictly  true,  and,  perhaps,  not  well  founded,  since  some  of  the  most 
recent  of  the  volcanoes  in  question  discharged  acid  lavas  of  the 
nature  of  andesite. 

These  volcanoes  may  safely  be  concluded  to  range  in  geologic  age 
from  the  earlier  portion  of  the  Tertiary  period  to  recent  centuries. 
They  number  several  hundred,  and  extend  geographically  across  the 
entire  width  of  Oregon  and  no  doubt  far  into  the  region  to  the  north 
and  south  of  the  State.  Although  several  of  them  were  visited,  only 
an  indefinite  and  unsatisfactory  beginning  of  their  study  could  be 
made. 

The  most  prominent  examples  of  the  older  of  these  secondary  vol- 
canic piles  in  the  portion  of  Crook  County  traversed  are  Pilot  and 
Black  buttes.  These  were  visited  and  something  of  their  histories 
ascertained. 

Pilot  Butte. — To  travelers  on  the  broad  lava  plain  west  of  Powell 
Butte  a  conspicuous  landmark  is  furnished  by  an  isolated  conical 
elevation,  long  known  as  Pilot  Butte,  which  is  situated  near  the 
recently  established  town  of  Farewell  Bend,  on  the  east  bank  of  the 
Deschutes.  This  butte  has  a  height  of  about  500**  feet  above  the 
adjacent  plain,  and  has  steep  sides  and  a  moderately  sharp  summit. 
It  is  an  ancient  volcanic  cone  composed  of  basalt,  containing  conspic- 
uous crystals  of  hypersthene,  which  occurs  mostly  in  the  form  of 
angular  fragments  of  scoriaceous  rock,  but  with  an  exposure  of  red- 
dish scoriaceous  lava  about  ite  summit  No  vestige  remains  of  the 
crater  which  probably  once  existed  at  the  top  of  the  cone,  and  its  sides 
have  lost  the  graceful  concave  curves  that  usually  characterize  such 
piles  when  fresh.  Basaltic  lava  of  the  same  character  as  that  form- 
ing the  lapilli  and  scoriae  of  the  cone  is  present  on  the  northern  side  of 
its  base,  and  may  be  traced  for  about  half  a  mile  to  where  it  disappears 
beneath  more  recent  basalt.  The  old  lava  exposed  is  probably  a  por- 
tion of  a  stream  which  emerged  from  the  base  of  the  butte,  but  evi- 
dence as  to  the  details  in  its  history  is  wanting. 

Pilot  Butte  is  now  entirely  surrounded  by  a  nearly  level  sheet  of 
recent  basalt  and  rises  as  a  steptoe  above  it.  A  mile  west  of  the  butte 
the  Deschutes  has  cut  a  canyon  to  a  depth  of  perhaps  100  feet  in  the 
irregular  and  fresh-appearing  basalt  which  covers  the  plain.  The 
butte  stands  at  the  margin  of  the  vast  pine  forest,  which  extends 
west  beyond  the  crest  of  the  Cascade  Mountains  and  is  itself  sparsely 
tree  cci^red.    To  the  east  scattered  groves  of  juniper  reach  far  out 

•The  height  of  Pilot  Butte,  as  determined  by  L.  D.  Wiest,  C.  E.,  of  the  Pilot  Butte 
Development  Company,  is  4,152  feet  above  sea  level,  and  the  elevation  of  the  Desch'.ites 
at  Farewell  Bend  is  3,622  feet,  the  possible  error  in  each  case  being  ±  40  feet  on 
accoqnt  <ft  qqcertainty  of  the  datum  plane. 
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on  the  broftd  lava  plain.  The  view  from  the  summit  of  the  hiitte  is 
unusually  fine,  conmiiinding:,  as  it  does,  the  dark  Cascnde.  Mountains 
with  their  fuowy  peaks. 

Black  Butte. — Rising  from  the  mngiufit^ent  pine  forest  which 
clothes  the  eastern  slope  of  the  Cascades  in  Crook  County  and  ext^^nds 
far  out  on  the  adjacent  plain  is  an  isolated  peak  that  is  visible  for 
•i<'nivs  of  niilps  throughout  the  sagt-brusli  country  to  the  east.  This 
peak,  known  ns  Black  Butte,  is  situated  about  8  miles  northwest  of 
the  town  of  Sisters  and  appntximately  15  miles  oast  of  the  crest  line 
of  fJie  Cascade  Moimtains.  Tlie  butte  is  by  aneroid  measure  about 
3;500  feet  high,  is  conical,  and  has  a  nearly  circular  base,  the  sym- 
metry of  whicli,  however,  has  been  somewhat  marred  by  erosion.  The 
sides  of  the  hiitte  have  lost  their  original  graceful  concave  curves  of 
construction  and  are  nearly  straight  when  seen  in  profile,  as  may  be 
iudge<l  from  the  \'iew  sliown  in  PI.  XW,  A.  The  western  side  has 
an  inclination  of  20  to  21  degrees,  while  the  eastern  forms  an  angle 
with  a  horizontal  plane  of  about  15  degrees.  In  each  instance  the 
inclination  increases  somewhat  near  the  summit,  the  northern  slope 
being  the  moat  precipitous  and  the  most  modified  by  erosion.  The 
rock  is  hypersthene-basalt  of  about  the  same  character  as  that  compos- 
ing Pilot  Butte,  and,  so  far  as  surface  exposures  are  conce 
mostly  in  the  form  of  angular  fragments,  imitating  a  coaraar^ 
but  at  the  fop  there  occur  outcrops  of  massive  rock  in  coni 
ledges.  These  summit  crags  of  compact  porphyritic  rock  are  evi- 
dently the  upi)er  portion  of  a  plug  or  core  of  lava  that  cooled  slowly 
and  hardened  in  the  conduit  of  the  volcanic  pile  and  was  subsequently 
exposed  by  erosion.  No  evidence  of  a  former  crater  remains.  The 
butte  is  forest  covered,  and  from  its  summit  a  splendid  view  of  the 
Cascade  Mountains  and  of  the  arid  country  to  the  east  as  far  as  the 
Blue  Mountains  in  northeastern  Oregon  may  be  obtained. 

From  the  northeast  base  of  Black  Butte  a  canyon  several  hundred 
feet  deep  leads  northeast  and  is  occupied  by  Metolis  Creek,  which  has 
its  source  in  a  magnificent  spring  of  clear,  cold  water  and  forms  a 
rushing  brook  10  feet  wide  with  an  average  depth  of  2  feet. 

Other  hutteis. — Besides  Pilot  and  Black  buttes  there  are  several 
similar  elevations  in  the  western  part  of  Crook  County,  which  were 
not  visited,  but  appear  to  be  of  the  same  nature  when  seen  from  a 
-distance.  Other  similar  isolated  mountains,  adjacent  to  the  Cascades 
and  belonging  to  the  same  general  scries  of  volcanic  eruptions  that 
built  the  mountain  range,  occur  to  the  south  of  Crook  County;  one 
of  these,  Odell  Peak,  is  shown  on  PI.  XIV,  B.  This  is  also  a  conical 
pile  of  hypei-sthene-basalt,  now  considerably  eroded,  but  pi^^rving 
something  of  its  original  constructional  form.  As  in  the  case  of 
Black  Butte,  a  crater  is  absent,  and  at  the  summit  dense  lavas  have 
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been  exposed  by  erosion.  The  buttes,  as  may  l)e  judged  from  the 
amount  of  erosion  they  have  suffered,  are  of  ancient  date  and  prob- 
ably belong  to  the  Tertiary  division  of  geologic  history. 

MOUNT    NEWBEBRY. 

In  the  south-central  part  of  Crook  County,  40  miles  in  a  direct 
line  east  of  the  crest  of  the  Cascade  Mountains,  there  stands  a  dark- 
forested  mountain  of  notable  height  and  widely  expanded  base,  in 
the  deeply  eroded  summit  of  which  Pauline  and  East  lakes  are  situ- 
ated. The  mountain  is  surrounded  by  many  lesser  elevations,  most 
of  which  have  still  recognizable  craters,  and  is  connected  on  its  north- 
east side  by  intervening  highlands  with  the  Pauline  Mountains,  as 
designated  on  the  General  Land  Office  map  of  Oregon.  Reference 
has  already  been  made  to  the  fact  that  the  large  mountain  in  the 
eroded  summit  of  which  Pauline  and  East  lakes  are  situated  is 
locally  considered  part  of  the  Pauline  Mountains,  and  the  desirability 
stated  of  giving  it  a  separate  and  individual  name.  For  this  pur- 
pose none  seems  more  appropriate  than  that  of  one  of  the  earlier 
explorers  of  Oregon,  who  did  m\ich  to  make  the  geography,  geolog^"^, 
and  botany  of  the  State  widely  known.  I  refer  to  Dr.  John- Strong 
New!>erry,  one  of  the  geologists  of  the  "  Pacific  Railway  Survey," 
and  venture  to  term  the  mountain  in  question  Mount  Newberry  in  his 
lionor. 

The  sharp  culminating  peak  of  Mount  Newlwrry,  according  to 
measurements  made  by  the  United  States  Geological  Survey  West  of 
the  One  Hundredth  Meridian  (the  *'  Wheeler  Survey  "),  has  an  eleva- 
tion of  7,387  feet  above  the  sea.  The  approximate  height  of  the 
adjacent  portion  of  the  valley  of  the  Deschutes  is  4,200  feet,  making 
the  visual  height  of  the  mountain  as  seen  from  the  west  about  3,000 
feet.  The  mountain  is  pronlinent  from  every  point  of  view  from 
which  it  can  be  seen,  and  has  a  greater  height  than  that  of  the  adja- 
cent portion  of  the  crest  line  of  the  Cascade  Mountains.  The  base  of 
the  mountain  is  widely  extended,  its  diameter  being  in  the  neighbor- 
hood of  20  or  25  miles,  but  is  indefinite  on  all  sides  except  the  west 
because  of  the  associated  but  lesser  mountains  and  the  nuuierous  vol- 
canic craters  of  recent  date  that  surround  it. 

Historical  summary. — The  salient  facts  in  the  history  of  Mount 
Newlx^rry  may  be  briefly  stated  as  follows:  It  is  an  andesitic  vol- 
canic mountain  of  probably  early  Tertiary  age,  the  upper  part  of 
which  has  been  removed,  and  a  great  amphitheater  eroded  in  the 
summit  of  the  portion  remaining.  The  amphitheater  had  an  opening 
on  its  northwest  side,  and  was  occupied  by  a  neve  during  the  Gla- 
(;ial  epoch,  from  which  a  glacier  flowed  northward  for  a  distance 
of  at  least  3  or  4  and  probably  more  miles.     During  a  stage  in  the 
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.shi'irikirid  "^  ''"'  g'fti'ii'r  il  ili'iKisik'il  ii  luryu  lenuinal  moraine  Ufnws 
llif  oi«>niiig  of  the  ampliitheafer  through  which  it  flowed,  thuti  form- 
ing a  dam  which  confined  the  water  na  the  ghicier  nielted  and  finally  ■ 
disappparud.  A  lake  thiiw  originated  which  discharged  across  the 
lowest  place  in  its  retaining  inorainal  dam,  and  cut  down  an  outlet, 
which  iiHS  since  been  deepened  in  the  rocks  beneath.  Subsetiuent 
111  (lie  nii'Uing  of  the  glacier  referred  to,  volcanic  energy  within  the 
Hiiiphidiwilcr  was  renewed,  and  five  ande^sitic  volcanoes  formed  along 
il  nurlli  and  south  belt,  whicii  cros-'ws  the  depression  slightly  to  the 
east  of  its  center.  A  lava  stniiim  discharged  from  the  most  northern 
of  the  five  craters  met  the  cone  built  by  the  next  in  the  series  and 
divided  the  basin  into  two  parts.  To  the  ea^t  of  the  obstruction  lies 
East  Lake,  which  has  no  surface  outlet,  and  to  the  west  Pauline 
Lake,  which  discharges  through  the  outlet  mentioned  above  and  sup- 
plies Pauline  Creek. 

More  recent  than  Mount  Newberry,  and  in  part  at  lea^  of  later 
date  than  the  Glacial  epoch,  are  many  basaltic  waters,  mostly  of 
small  size,  situated  on  its  outer  slopes  and  scattered  irregularly  over 
the  adjacent  countrj-,  particularly  to  the  north  and  the  south. 

The  northern  border  of  the  grt-at  amphitheater  consists  of  dark 
lavas  and  tuffs,  which  form  rounded  domes  nearly  as  high  as  the 
present  suimnit  of  the  main  peak.  These  rocks  are  of  later  date  than  jj 
those  exposed  in  the  southern  part  of  the  rim  of  the  amphitheater,  " 
but  are  glaciated,  thus  showing  that  they  are  older  than  the  several 
volcanic  criitei-s  of  the  vicinity  which  still  preserve  their  construc- 
tional forms. 

Geology. — The  rocks  composing  the  older  portion  of  Mount  New- 
Iwrry  and  situated  to  the  south  of  an  east  and  west  line  passing 
ihrough  the  center  of  Pauline  I^ake  are  andesite,  and,  although  no  crit- 
ical study  of  them  has  yet  been  made,  it  may  lie  provisionally  stated 
that  they  present  a  wide  range  in  physical  characteristics  and  include 
obsidian  as  well  as  stony  and  spherulitic  representatives.  In  each 
variety  there  is  frequently  a  well-defined  flow  structure.  These 
lavas  occur  in  distinct  beds,  which  in  several  instances — as  in  the 
cliffs  overlooking  Pauline  Lake  on  tlie  south — are  from  80  to  100  or 
more  feet  thick.  From  these  cliffs,  in  which  the  broken  edges  of 
the  strata  are  exposed  in  nearly  horizontal  bands,  the  dip  is  outward 
from  the  basin  occupied  by  Pauline  Lake,  at  angles  of  from  10°  to 
about  l.")".  The  cliffs  which  rise  so  prominently  on  the  south  side 
of  Pauline  Lake  and  from  the  noith  wall  of  the  culminating  peak 
extend  about  the  southeast  and  east  side  of  the  basin  as  shown  in  PI. 
XV,  ^1,  and,  as  judged  from  distant  views,  are  composed  of  the  same 
kind  of  ro<k,  at  least  as  far  as  the  southeast  border  of  the  basin  in 
which  East  Lsike  is  situated  is  concerned. 
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About  the  northern  portion  of  the  basin  the  encircling  mountains, 
although  precipitous,  do  not  rise  in  vertical  cliffs.  The  rocks  are 
dark,  and  in  places  reveal  red  and  brown  colors,  in  contrast  with  the 
gray  cliffs  inclosing  the  great  depression  on  the  south.  Those  on 
the  north  border  of  Pauline  Lake  are  dark  and  massive,  having  the 
api)earance  of  basalt,  and  in  part  consist  of  thick  beds  of  agglomerate 
containing  many  volcanic  bombs.  The  beds  are  inclined  southward 
or  toward  Pauline  Lake,  and  were  evidently  discharged  by  a  volcano 
of  later  date  than  the  one  which  was  eroded  to  form  the  cliffs  over- 
looking the  lake  on  the  south.  It  thus  appears  that  the  main  mass 
of  Mount  Newberry  is  composed  of  the  products  of  at  least  two 
ancient  volcanoes. 

Amphitheater. — The  depression  in  the  summit  of  Mount  Newberry, 
measured  from  crest  to  crest,  is  by  estimate  about  5  miles  from  north 
to  south  and  4  miles  from  east  to  west.  The  walls  forming  its  inner 
slopes  are  precipitous  on  all  sides  except  the  northwest,  and,  as  stated 
above,  rise  in  magnificent  cliffs  about  its  southern  portion.  The 
highest  point  on  the  rim  of  the  depression,  and  the  highest  pinnacle 
of  the  mountain,  is  shown  in  PL  XV,  ^4,  which  is  a  view  from  near  the 
outlet  of  Pauline  Lake.  The  cliffs  are,  by  estimate,  1,500  to  1,800  feet 
high  above  the  lake  and  have  conspicuous  talus  slopes'  about  their 
bases.  The  rim  of  the  basin  is  continuous,  without  a  pass  or  deep 
notch  throughout  its  entire  circumference  except  where  Pauline 
Creek  escapes  from  it. 

As  to  the  origin  of  the  amphitheater,  it  is  to  be  presumed  from  the 
nature  of  the  volcanic  mountain,  in  the  summit  of  which  it  occurs, 
that  the  latter  had  a  crater  at  its  top,  when  the  eruptions  which  built 
it  ceased.  It  may  reasonably  be  presumed  that  this  crater  was 
enlarged  by  erosion  and  that  a  stream  flowed  from  it  toward  the 
northwest.  At  a  later  period  the  depression  was  occupied  by  a  neve 
field  which  gave  origin  to  glaciers  and  was  enlarged  and  given  the 
broader  features  now  visible  by  their  erosion.  While  the  amphi- 
theater was  being  eaten  out  in  the  sunmiit  of  the  mountain,  its  outer 
sloi)es,  particularly  its  south  side,  were  becoming  scored  by  radiating 
canyons.  As  the  amphitheater  increased  in  size,  the  cliffs  bordering 
it  receded,  and  the  canyons  on  the  outer  slope  lost  their  upper  por- 
tions or  were  "  beheaded."  The  glaciation  of  these  outer  canyons  and 
their  present  characteristics  will  be  noted  below  in  connection  witTi 
other  records  left  by  the  former  glaciers.     • 

The  dimensions  and  the  scenic  features  of  the  great  amphitheater 
in  the  sunmiit  of  Mount  Newberry,  in  which  Pauline  and  East  lakes 
are  situated,  are  similar  to  those  of  the  "  caldera  "  in  the  summit 
of  Moimt  Mazama,  which  holds  Crater,  or.  Mystic,  Lake,  already 


IIHI    (iKOUiov  AND  WATKR  RKaulTKrKH,   TKNTRAL  OBEOON   |bi 

fuioiliui'  from  tlic  wriliiifr.-^  nf  J.  S.  Dilk-r  iind  olhors,"     The  hisloiy 
of  thesfi  t«i)  (rri'nt  ili'iirc-^widii^  in  lln'  siiiiiinils  of  inuiiiit.iiiiis  of  iihiiiit 
the  aame  height  and  approxiiimU-ly  of  iho  Hiime  ago  is  much  the  s 
and  the  study  of  one  supplfunt^'nts  that,  of  iho  other. 

Lukes. — Pauline  I^ake,  when  s«?en  from  imy  of  the  ix>iiiniaiiiUng 
summits  in  its  vicinity,  )Lpj>ean4  at  KrHl  In  he  nearly  i-irinilar.  but  t 
better  n«]naintiincf  with  it  shows  that  it«  southi>ni  portion  is  iii- 
dcntwl  liy  ii  projcctinfj  hit!  of  morainal  mutt-riai,  to  the  east  and  west 
of  which  there  la  something  of  an  emliayment.  The  lake  is  about 
2  niiliw  in  diameter  from  north  to  souUi  and  IJ  miles  wide,  but  i 
these  at*  eye  estimates,  made  in  a  regioii  when-  tliere  are  no  known  - 
distances  U>  sev\i>  as  base  lim-s  in  n&sistiiig  on(>'s  jnd^nent.  Tha 
water  is  clear  and  of  a  deep  blue,  with  a  narrow  purple  band,  clwirly 
distinguishable  in  most  stages  of  illumination,  about  its  margin 
whei-e  the  depth  is  small.  Tlie  shores  are  everywhere  steep,  exwpt 
near  the  outlet,  and  in  many  places  precipitous.  Where  the  lK»r- 
deriiig  uphkiuls  consist  of  glacial  moraines  there  is  a  terrHce,  the 
Hurfaei'  of  which  is  riliout  15  foet  above  pi-esent  water  level  and 
from  a  few  yards  In  a  few  hkIs  wide.  On  Ihn  north  shore  at  the 
head  of  a  wide-mouthed  embayincnt  there  is  a  ridgo  of  gravel  Iha 
crest  of  whicti  is  alwut  10  fwit  above  tile  present  fair-weather  level 
of  the  lake,  and  there  are  sitnilHr  gravel  ridges  and  termnce  on  the  , 
southeast  shore.  These  seem  (o  record  the  upper  limit  to  which  the 
waves  mn  wash  the  gravel  on  .slushing  sh<ii-cs  during  the  most  vio- 
lent storms.  The  lake's  surface  is  unbroken  by  islands,  and  there  is 
a  notable  absence  of  partly  siibmergeil  i-ocks  or  crags  almut  its 
margin.  In  several  places  stones  are  piled  along  the  alioi-e  nc«r  the 
fair-weather  level  so  as  to  r(;senible  artilicial  walls.  The  absence  of 
loose  stones  and  liowblers  in  the  shallow  marginal  waters  and  the 
presence  «m  the  border  of  the  encircling  land  of  a  ridge  composed  of 
blocks  of  stone  much  too  large  for  the  waves  of  the  lake  to  move  is 
satisfactorily  accounted  for  by  the  way  in  which  the  ice  of  small 
lakes  is  known  to  shove  stones  ashore  s<i  as  to  build  ramparts," 

No  surface  streams  are  tributary  to  Pauline  Lake  and  there  are 
only  a  few  springs  of  small  volume  about  its  shores.  One  diminutive 
spring  on  the  north  border  of  the  lake  at  tiie  water's  margin  rises 
through  a  fissure  in  black  ri>ck  resembling  basalt,  and  feels  hot  to 
the  hand.  Its  tenijieratuiv  is  judged  to  be  between  105°  and  110°  F. 
All  other  springs  of  the  region,  so  far  as  known,  are  cold.  With  the 
exception  of  the  insignificant  amount  of  water  dischargi'd  into  the 
lake  from  this  source,  its  supply  conies  from  direct  precipitjition  and 
fi-om  percolation  through  the  open-text ni-ed  or  porous  material  form- 


1 


I'nrk  ■ 

";; 

und 

t:z 

,  n.  B..  1 

1.  Survey, 

^;;; 

"?; 

s 

„,„„, 

iplij 

,.,, 

[■nitpr   rjikc 

N«t,o„.. 

»lMf 

■,nM. 

1  C, 

I.akm  1 

jf  North 

Ami 

?rlcH. 

on  A  i:«- 

,  1!: 

IU5.  p 

■p.  51-63, 

RUSSELL.]  VOLCANIC    CONES.  101 

ing  its  bordering  slopes.  There  is  a  probability,  however,  that  sub- 
lacustral  springs  are  present,  though  no  indications  of  sucli  a  source 
of  supply  are  known. 

As  to  the  depth  of  the  lake  the  only  evidence  is  its  uniformly  deep- 
blue  color  and  the  generally  precipitous  character  of  its  immediate 
banks,  both  of  which  indicate  that  it  is  deep.  A  line  of  soundings 
extending  from  near  the  outlet  toward  the  center  of  the  lake  showed 
that  in  that  portion  the  bottom  is  shelving  and  composed  of  pumi- 
ceous  sand,  but  at  a  distance  of  about  ()00  yards  from  land  a  sounding 
line  125  feet  in  length  failed  to  reach  bottom.  As  shown  by  the  color 
of  the  water  when  seen  from  many  conmianding  stations  about  the 
lake,  its  margining  belt  of  shallow  water  is  broadest  near  the  outlet, 
where  the  soundings  mentioned  were  made.  The  character  of  the 
stream  flowing  from  the  lake  is  described  below. 

East  Lake,  situated  in  the  same  great  amphitheater  that  contains 
Pauline  Lake,  is  about  a  mile  to  the  east  of  its  companion,  from  which 
it  is  separated  by  a  rugged  lava  stream  composed  largely  of  obsidian, 
which  came  into  existence  as  (lescril)ed  on  page  08. 

East  Lake,  like  its  companion,  is  without  inflowing  streams,  but 
diifers  from  it  in  not  having  a  visible  outlet  and  in  l)eing  distinctly 
alkaline.  Like  manv  inclosed  lakes,  it  bears  evidence  of  considerable 
fluctuations  in  level,  the  most  conspicuous  record  of  which  is  a  grove 
of  (lead  spruce  trees  near  its  western  shore  which  rise  from  about  3 
feet  of  water.  The  trees  are  about  30  feet  high,  10  to  12  inches  in 
diameter,  stand  erect  and  still  retain  their  branches.  There  is  no 
indication  that  they  were  carried  into  the  lake  bj'^  a  landslide,  but 
every  probability  that  they  grew  where  they  now  stand  and  were 
killed  by  a  rise  of  the  lake  w^hich  submerged  the  surface  in  which 
they  were  rooted.  This  conclusion  needs  further  study,  however,  as 
no  other  dead  trees  were  seen  about  the  lake,  although  there  were  sev- 
eral localities  where  they  should  l)e  expected  to  occur  in  case  a  recent 
rise  of  the  water  has  taken  j>lace.  Pauline  and  East  lakes  are  each 
inhabited  by  swarms  of  insect  larva?,  but  are  without  fish.  In  Pauline 
Lake,  but  not  observed  in  East  Lake,  crayfish  are  numerous,  as  they 
are  also  in  Pauline  Creek.  It  is  of  interest  to  note  in  this  connec- 
tion'that  the  falls  in  the  creek,  which  present  an  impassable  barrier 
to  the  ascent  of  the  fish  which  are  abundant  in  the  lower  part  of  the 
same  stream,  are  passed  by  the  crayfish  by  crawling  up  the  nearly 
vertical  rocks  adjacent  to  the  border  of  the  stream. 

Pauline  Creek, — Near  where  the  outlet  of  Pauline  Lake  is  situated 
the  water  is  shallow  for  at  least  300  yards  from  the  shore.  The  adja- 
cent land  is  low  and  in  part  swampy,  and  the  outflowing  stream  mean- 
ders through  pumiceous  sand  for  a  distance  of  about  600  yards  to 
where  it  crosses  the  solid  rock  border  of  the  basin.  At  this,  the  real 
outlet  of  the  lake,  a  narrow  channel  has  been  eroded  in  reddish  vol- 
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canic  nggkimerate,  and  the  stream  makes  a  leap  of  about  10  feet  and 
enters  h  fiinyon  which  becomps  rapidly  droptT  aw  the  strt-am  pro- 
gresses. The  outlet  has  ret'ently  been  restrioted  in  witlth  by  the  build- 
ing of  a  log  dam  with  a  water  gat^  in  its  center,  which  permits  a 
rough  measiirement  of  the  disctiarge.  The  sill  of  the  water  gate  in 
a.  log  about  8  inches  in  diameter,  laid  at  right  angles  tv  the  cum^nt 
the  ilrop  Itelow  thu  log  buiiig  alx>ut  R  inches.  The  l«ngt.h  of  the  gul 
i(i  11  fwt.  Thi-oiigh  thirt  imperff-ct  weir  the  water  flowed  at  the  tj 
of  my  visit  (August  ;i5,  llioa)  with  a  depth  of  (1  iiich«>s,  nietisun-d  by 
nstitiir  (he  end  of  u  Mcale  on  tlio  wll  of  l.h«  opoiiiiig.  ^VKSuming  that 
thf  cimditions  mentioned  most  the  reqiiii-ementM  for  weir  measure- 
rn.-nts,  tliey  indicate  a  dlsclmrgt!  of  iKI  nihic  feet  jwr  niiiiuU-. 

For  iibimt  half  a  milt'  ImOow  the  tir»t  fall  the  cnwk  flows  down  a 
canyon,  whivh  deepens  rapidly  and  then  divides  into  two  uhiuiiict», 
Beparatpd  by  a  small  island,  and  plunges  over  a  precipice  alxiut  80 
feet  high  (PI.  XVI,  .1),  Mow  wliii-h  ihi-  ciniyon  continues  wusLward 
to  the  foot  of  the  iiiouutain.  lu  liie  i-anyori,  Ixtlow  the  main  fall, 
there  are  many  nipidn  utid  srniill  leaps  of  10  to  15  hvl.  The  layer  of 
resistjint  rock  which  producer  the  main  fail  is  i-omixised  of  a  reddish 
volcanic  agglomerate  alxiut  40  feet  thick,  which  ap[x-ars  t<i  \k- 
nearly  horizontal,  hut  I'eally  has  a  slight  dip  to  the  east,  or  upstream. 
Below  the  resistant  bed  softer  material  of  tiio  sanii*  nature,  also  an 
agglomerate,  occurs.  The  rocks  about  thef  alls  and  the  large  angular 
fniginc'iits  thiit  ciUstruct  the  flow  of  the  walcr  in  the  caiiyon  into 
which  it  plunges  are  rendered  white  by  a  thin  nodular  incrustation 
of  calcium  carbonate,  precipitated  from  the  spray  of  the  cataract 
dashed  and  blown  against  them.  The  sides  of  the  canyon  are  tree 
clothed  and  still  retain  their  primitive  wildness  and  beauty,  umnarred 
by  the  hand  of  man.  A  conspicuous  feature  of  the  walls  of  the  can- 
yon where  they  are  moistened  by  the  spray  of  the  cataract  and  of 
those  of  the  creek  above  the  precipice  over  which  it  plunges  is  a 
lu.^uriaiil  growth  of  alga-,  which  mantels  the  rocks  and  forms  long 
green  streamers  in  the  wat«r. 

Water  resoiircen. — Pauline  Lake  is  situated  in  an  arid  region,  high 
above  the  flat  lands  of  the  Deschutes  Valley,  and  is  thus  favorably 
located  to  serve  as  a  reservoir  for  water  to  be  used  in  irrigation.*  As 
stated  above,  a  small  log  dam  has  been  placed  at  the  head  of  Pauline 
Creek,  but  as  it  appears,  for  the  purjKtse  of  s<'cnring  some  claim  to  the 
water  rather  than  for  actual  use.  The  dam,  if  intact  and  its  water 
gate  closed,  would  serve  to  raise  the  level  of  the  lake  about  5  feet,  but 
this  experiment,  so  far  as  I  have  Ix-en  able  to  leani,  has  never  been 
tried;  the  reason,  as  I  have  been  informed,  being  that  when  the  out- 
flow of  the  lake  is  checked  wells  dug  in  the  flood  plain  of  the  creek, 
about  8  miles  downstream  fn)Ui  the  hike,  Ix'came  dry.  How  high  the 
waters  of  the  lake  would  rise  during  the  winter  interval  between 
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growing  seasons  is  not  known  and  at  present  can  not  be  computed 
from  the  discharge,  since  the  area  of  the  lake  is  unknown.  Taking 
the  single  measurement  available,  however,  which  was  made,  as  is 
judged,  during  the  season  of  least  overflow,  it  has  been  estimated  that 
the  amount  of  water  the  lake  could  furnish  if  its  discharge  was 
stored  for  a  period  of  nine  months  would  be  approximately  300,000,000 
cubic  feet,  or  sufficient  to  flood  an  area  of  10  square  miles  to  a  depth 
of  about  1  foot. 

By  dredging  a  channel  about  600  yards  in  length  and  making  a  cut 
in  soft  rock  about  100  feet  long  and  10  feet  deep,  arranged  with  a 
gate,  and,  in  case  the  water  supply  is  sufficient,  provided  also  with 
a  dam  for  raising  the  water  above  the  present  level  of  the  lake,  an 
admirable  reservoir  could  be  secured  at  small  expense. 

All  of  the  conditions  pertaining  to  the  storage  of  water  in  theman- 
ner  here  suggested  are  exceedingly  favorable,  and  there  is  an  abun- 
dance of  land  along  the  lower  course  of  PauKne  Creek  on  which  the 
water  could  be  utilized  for  irrigation.  The  critical  condition,  how- 
ever, and  one  which  might  render  such  an  attempt  at  irrigation  use- 
less, is  the  extreme  porosity  of  the  deep  pumiceous  layer  which  forms 
theisurface  over  all  of  the  flat  lands  bordering  Mount  Newberrv  on  the 
west.  Although  the  belief  seems  to  be  general  among  the  few  resi- 
dents of  the  pumice-covered  region  of  the  upper  Deschutes  that  the 
porosity  of  the  soil  will  render  irrigation  fruitless,  this  conclusion 
does  not  appear  to  have  been  demonstrated  by  experiments.  It  seems 
probable  that  irrigation  carefully  conducted  would  result  in  the  com- 
pacting of  the  soil  and  the  silting  up  of  its  interstices  to  such  an  extent 
that  water  would  be  retained  at  the  surface  in  sufficient  quantity  to 
nourish  plants.  Without  venturing  to  ofl'er  an  opinion  in  this  con- 
nection, however,  I  feel  abundantly  justified  in  recommending  that  a 
careful  study  of  the  storage  capacity  of  Pauline  Lake  should  be  made, 
coupled  with  an  investigation  of  the  best  method  of  conducting  water 
to  the  lands  to  the  west  and  a  study  of  the  soil  conditions  along  the 
lower  course  of  Pauline  Creek. 

(rlacial  recordn, — On  the  south  shore  of  Pauline  Lake,  rising  pre- 
cipitously from  the  water's  margin,  are  hills  with  an  irregular  huui- 
mocky  surface,  composed  of  unassorted  rock  debris,  including  many 
angular  blocks  from  5  to  10  or  more  feet  in  diameter,  which  an* 
clearly  moraines.  These  hills  extend  south  to  the  base  of  the  clitfs 
bordering  the  basin  on  that  side.  About  the  west  side  of  Pauline 
Lake  and  merging  with  the  moraines  just  mentioned  there  is  again  a 
broad  belt  of  moraine-covered  country  which,  at  the  north,  unites  with 
a  region  5  to  10  square  miles  in  area,  situated  on  the  mountain  border- 
ing the  amphitheater  in  the  summit  of  Mount  Newberry  on  the  north. 
The  moraines  on  the  west  side  of  the  lake  rise  steeply  to  a  generally 
even  and  broad  crest  about  250  feet  above  the  present  lake  surface,  and 
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decline  westward  witfi  a  well-defined  slope  for  at  least  3  nr  4  miles. 
The  full  extent  of  the  former  glacier  was  not  determined,  as  the 
region  its  traces  occupy  is  so  thickly  forested  or  mantled  with  fallen 
timljcr  thiit  it  c«ul(l  not  lie  explored  in  the  time  avaihible. 

On  the  aniilh  side  of  the  snmmit  nf  Mount  Newberry  there  aru  at 
least  thni'  canyon-like  valleys  with  steep  gradients,  which  lead  sonth- 
ward  down  tlie  outer  slojw  of  the  niountain.  These  moderately  broad 
stewp- sloping  valleys  have  the  characteristic  cross  pi-ofiles  of  glapiiil 
tToughs,  such  as  small  alpine  glaciers  produce,  and  were,  without 
^oubt,  once  occupied  by  glaciers,  although  no  polished  or  striated  sur- 
faces were  seen.  On  following  them  to  the  crest  of  the  cliffs  over- 
looking Pauline  Lake^  they  were  found  to  end  abruptly  at  the  sum- 
mits of  precipices  several  hundred  feet  high.  These  troughs  will  be 
i-ecognized  at  once  by  persons  familiar  with  the  publislied  desci'iiJ- 
tions  of  Mount  Mazama,  as  being  similar  to  the  "beheaded  "  valleys 
of  that  momitjiin. 

The  interpretation  of  the  facts  just  presented,  arrive<l  at  whilp 
studying  the  region  to  which  they  jwrtain,  is  briefly  as  follows: 

The  gi-eat  amphitheater  in  the  truncated  summit  of  Mount  Newberry 
was  in  existence  previous  to  the  Glacial  epoch,  and  during  that  time 
became  tilled  to  o\"erflowing  with  snow,  which  formed  a  neve  field 
from  which  a  glacier  from  2  to  3  miles  wide  flowed  northwestward 
down  the  previously  stream -eroded  outlet  of  the  amjjhithealcr.  Dur- 
ing the  retreat  of  this  glacier  it  formed  the  massive  terminal  moraine 
which  now  unites  the  cliffs  on  the  southwest  side  of  the  amphitheater 
with  the  mountain  mass  forming  the  northern  border. 

From  the  neve  field  in  the  amphitheater  of  Mount  Newberry,  the 
main  dischargi"  from  which  went  toward  the  northwest,  small  ice 
j^treams  found  their  way  through  notches  in  the  line  of  cliffs  on  the 
south  and  descended  preexistingcanyonson  the  south  side  of  the  moun- 
tain, enlarging  them  and  giving  them  broad  U-sh(ipe<.l  lx)ttoms. 
That  is,  the  amphitheater  became  so  deeply  filled  with  snow  that  the. 
neve  was  built  up  at  least  as  high  as  the  highest  pinnacle  on  its 
southern  rim. 

Ah  will  l)e  seen  from-this  explanation,  the  high  grade  and  now 
broad -bottomed  gc)rges  on  the  south  side  of  Mount  NewlxTry  are 
probably  i-emnants  of  waler-cut  canyons  made  while  the  amphitheater 
in  the  summit  of  the  mountain  was  bi'ing  eroded;  the  evidence  is  not 
considered  to  indicate,  however,  that  they  were  glaciated  before  the 
mountain  was  truncated  or  before  a  deep  amphitheater  was  excavat*4 
in  the  portion  that  remained. 

In  connection  with  the  statement  just  made  in  reference  to  the 
formtT  ghiciatiou  of  Mount  XewlH'rrv  it  is  of  interest  to  note  that 
snow  still  lingers  throughout  the  summer  in  the  noontide  shadows  of 
the  cliffs  oil  the  south  border  of  tlie  amphitheater.  At  the  time  of  my 
visit,  Aiigufit  27-30,  snow  hanks  wfv*>  sV\\\  \we^'wt  vwsWltered  places 
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among  the  lava  flows  in  the  eastern  portion  of  the  ainphitheater,  at  a 
height  of  less  than  100  feet  above  Pauline  Lake.  It  is  thus  evident 
that  but  a  moderate  climatic  change  in  the  direction  of  increasing  the 
winter  snowfall  or  of  decreasing  the  summer  melting  would  again 
bring  about  glacial  conditions. 

Recent  andesite  craters  and  lava  flows. — The  history  of  Mount 
Newberry  thus  far  traced  relates  to  the  building  of  a  lofty  volcanic 
mountain,  its  truncation  by  erosion,  the  excavation  of  a  deep  amphi- 
theater in  its  summit,  the  filling  of  the  amphitheater  with  snow,  the 
discharge  from  it  of  ice  streams,  and  the  closing  of  its  outlet  by  a 
massive  terminal  moraine.  Another  and  no  less  interesting  chapter 
in  the  long  and  varied  history  of  the  mountain  is  recorded  by  material 
erupted  from  volcanoes  which  originated  in  the  amphitheater  vacated 
by  the  melting  of  the  nev6  field. 

The  post-Glacial  craters  referred  to  are  5  in  number,  arranged 
in  a  belt  running  north  and  south  across  the  bottom  of  the  amphi- 
theater, between  Pauline  and  East  lakes.  The  length  of  the  belt 
is  by  estimate  about  4  miles,  and  the  position  of  the  5  vents  along  it 
indicate  that  they  are  situated  on  a  fissure.  Each  of  the  5  craters 
is  composed  of  andesitic  lapilli,  and  4  of  them  discharged  lava  streams 
which  on  cooling  produced,  at  least  superficially,  great  quantities  of 
obsidian  and  scoriae.  For  the  sake  of  convenience  the  5  craters 
referred  to  have  been  assigned  numbers,  in  reference  to  their  posi- 
tions, beginning  at  the  north  end  of  the  series  and  progressing  south- 
ward. In  reference  to  their  relative  age,  No.  3  seems  to  be  the  oldest, 
while  No.  2  is  older  than  No.  1 ;  Nos.  4  and  5,  the  most  recent  of  all, 
are  of  about  the  same  age. 

Crater  No.  1  is  situated  on  the  southward-facing  slope  of  the  north 
border  of  the  amphitheater  to  the  northeast  of  Pauline  Lake,  from 
the  shore  of  which  it  rises  prexiipitously.  It  is  not  a  conspicuous 
feature  and  was  not  visited.  The  principal  fact  concerning  it  to 
be  recorded  is  that  from  a  breach  in  the  south  side  of  its  rim  a  lava 
stream  was  discharged  which  flowed  south  with  a  moderate  gradient 
until  it  impinged  upon  the  north  side  of  Crater  No.  2,  where  it 
divided,  one  branch  going  eastward  toward  the  site  of  East  Lake 
and  the  other  branch  westward  toward  the  basin  of  Pauline  Lake. 
The  trunk  stream  and  each  of  its  branches  is  approximately  a  mile 
long.  It  was  principally  this  lava  flow  which  so  divided  the  bottom 
of  the  amphitheater  in  which  it  originated  as  tcT  make  two  basins. 
The  end  of  the  eastward  branch  forms  a  portion  of  the  shore  of 
East  Lake,  while  its  companion  terminates  in  a  steep  slope  washed 
by  the  waters  of  Pauline  Lake.  The  surface  of  the  lava  is  exces- 
sively rough  and  irregular,  consisting  of  a  succession  of  heaps  of 
large,  angular  blocks  of  obsidian  and  black  scoriae  together  with  yel- 
lowish pumice,  rising  from  20  to  30  feet  above  the  general  level; 
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between  these  at  many  localities  arc  irregular  depressions  and  pit- 
like openings  fiilly  as  deep.  Both  the  crator  and  the  lava  strejim 
from  it  are  densely  ovei-grown  with  trees  and  bnsbes,  which  suggest 
that  tJiey  are  older  than  the  similar  craters,  Nos,  4  and  5,  which, 
together  with  their  accompanying  lava  streams,  are  nejirly  ban?  of 
vegetation.  The  iKjrdei-s  of  the  lava  are  precipitous,  and  in  this,  as 
in  nearly  all  other  duiracteristics,  corriispond  with  the  streams  dis- 
charged by  the  two  craters  at  the  south  end  of  the  series. 

Crater  No.  2  rises  Iraldly  near  the  ea«t  shore  of  Pauline  Lak^ 
When  seen  from  the  weHt  Khore  it  presents  the  appearance  well  shown 
in  PI.  XV,  B.    The  cone  is,  by  aneroid  measure.  U'tween  700  and  800 
feet  high,  and,  as  shown  in  the  picture,  has  a  broad  truncated  sum- 
mit.   Snnk  in  the  summit  is  a  well-defined  crater  about  half  a  mile  • 
in  diameter,  the  south  side  of  which  has  lieen  breuehexl  by  an  out>- 
flowing  lava  stream.    There  is  also  a  deep  notch  on  the  north  side.  . 
but  it  is  not  so  pronounceti  as  tlie  one  opposiliA  u>  it,  and  is  not  occu- 
pied by  a  lava  stn'aui.     The  eoue  is  composed  of  andesitiv  lapilli,  , 
among  which  pumice  is  conspicuous,  but  this  may  liave  been  showered 
on  the  crater  during  the  eruption  of  the  m-ighhoring  craters  to  the 
south.     The  outer  slopes  of  the  cono  arv  tiUwp  and  the  inner  slopes  of 
the  pit  in  its  summit  precipitous.     The  entire  erattsr  and  its  small 
lava  stream  are  overgrown  with  ti-ees. 

Oater  No.  3  is  adjacent  on  the  southwest  to  the  base  of  Crater  No.  2 
and  is  situated  near  the  southeast  border  of  I'auline  Lake,  above  which 
it  rises  to  a  height  of  about  200  feet.  In  comparison  with  its  con- 
spicuous and  symmetrical  neighbor  it  is  small  and  its  rim  is  deeply 
notched  by  erosion.  It  is  probably  the  oldest  of  the  group  of  five 
craters  to  which  it  belongs.  Its  circular  form  and  both  the  inner  and 
outer  slope  of  its  ring  of  lapilli  are  plainly  recognizable,  and  in  its 
bottom  there  is  a  smooth  plain  of  yellowish  puniiceoiLs  lapilH  about 
500  feet  in  diamet«r.  This  plain  is  similar  to  other  pumice  plains  in 
the  same  region,  and  is  formed  of  the  same  kind  of  material  that 
floors  the  depression  to  the  east  of  Crater  No.  5.  The  walls  of  the 
crater  are  coated  with  similar  material  which  fell  after  they  were 
broken,  at  a  date  late  in  the  history  of  the  basin.  The  yellowish 
pumice  referred  to  is  widely  scattered  nbout  Mount  Newberry,  and,  in 
part  at  least,  was  blown  into  the  air  during  the  eruption  of  Crater 
No.  5. 

Crater  No.  4,  situated  about  half  a  mile  southeast  of  No.  3,  is  repre- 
sented by  a  portion  of  its  eastern  rim.  composed  of  yellowish  pumi- 
ceous  lapilli,  which  forms  a  curved  ridge,  concave  to  the  west. 
Between  the  fragment  of  the  crater  remaining  and  the  lava  which 
rose  within  it,  and  now  appears  as  a  rugged,  black  field  or  plateau  of 
obsidian,  there  is  a  deep  moat,  in  which  the  water  from  a  cold  spring 
fonns  a  crescent-sliaped  lakelet  about  800  iwl  long  and  30  to  50  feet 
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wide.  To  the  east  of  the  lake  is  the  tree-covered  inner  slope  of  the 
crater,  and  to  the  west  the  precipitous  border  of  the  stream  of  obsidian 
that  rose  within  it  but  did  not  expand  to  its  rim. 

The  west  end  of  the  fragment  of  the  wall  of  Crater  No.  4  disappears 
beneath  a  great  sheet  of  black  obsidian  which  came  from  the  south, 
probably  from  Crater  No.  5.  The  Tavas  from  Craters  Nos.  4  and  5 
are  of  the  same  character  and  are  united  in  such  a  manner  that  thev 
seem  parts  of  a  single  outpouring  from  No.  5.  Close  examination, 
however,  shows  that  part  of  the  material  came  from  No.  4,  which  is 
several  hundred  feet  lower  than  its  companion  and  is  inconspicuous 
except  when  seen  from  the  hills  of  lapilli  bordering  it  on  the  east. 

Crater  No.  5  is  situated  at  the  south  end  of  the  series,  adjacent  to 
the  steep  southern  rim  of  the  amphitheater  excavated  in  the  summit 
of  Mount  Newberry  and  al)out  2  miles  from  the  southeast  border  of 
Pauline  Lake.  The  fragmentS=5  of  the  sharp-crested  ring  of  lapilli 
which  it  formed  during  its  earlier  and  markedly  explosive  eruptions 
are  not  conspicuous  for  their  height,  and,  in  fact,  in  a  general  view 
from  the  adjacent  portion  of  the  lofty  rim  of  the  amphitheater,  are 
easily  overlooked  amid  the  rugged  topographic  forms  with  which 
they  are  surrounded.  Sufficient  of  the  crater  rim  remains,  however, 
to  show  that  it  had  a  diameter  of  1,500  to  2,000  feet.  Within  it  the 
greatest  lava  discharges  of  any  of  the  series  of  volcanoes  to  which  it 
belongs  took  place,  and  in  this  and  several  other  features  it  supple- 
ments the  phenomena  displayed  by  its  companions  in  an  instructive 
manner. 

The  lava  which  welled  out  of  Crater  No.  5  and  buried  or  carried 
away  its  northwestern  and  northern  portion  for  about  one-half  its 
circumference  flowed  northwest  down  a  rather  steep  gradient  for 
about  2  miles,  but  halted  before  reaching  the  site  of  the  adjacent  shore 
of  Pauline  Lake.  It  is  in  general  about  1  mile  wide.  The  lava  field, 
or  rather,  the  inclined  plateau  of  rugged  obsidian  and  scoriae,  is  bor- 
dered by  rough  descending  escarpments  50  to  80  feet  high  (PI.  XVII, 
A).  These  bordering  slopes  are  now  composed  of  angular  blocks  of 
obsidian  that  form  a  talus  difficult  to  climb,  which,  when  fresh, 
must  have  presented  nearlj'  vertical  precipices.  The  surface  of  the  lava 
is  exceedingly  rough,  consisting  of  heaps  and  precipices  of  obsidian 
and  black  sc^oria*,  between  which  there  are  steep-sided  depressions  and 
trench-like  openings,  or  fissures,  wifli  walls  of  black  glass.  The  sur- 
face is  without  the  general  coating  of  pumiceous  lapilli  which  covers 
practically  the  entire  region  about  it,  except  the  similar  lava  dis- 
charged from  Crater  No.  4.  In  common  with  its  associated  craters 
and  lava  flows  it  is  entirely  lacking  in  evidence  to  show  that  it  was 
ever  covered  by  ice,  and  is  thus  proved  to  be  one  of  the  most  recent 
additions  to  the  rocks  of  the  Newberry  amphitheater.  There  are  no 
trees  on  the  lavas,  and  scarcely  a  lichen,  but  on  the  lapilli  within  the 
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(THters  fixHii  wliich  it  came,  as  Uiowii  in  PI.  XVII.  S,  trees  30  or  K) 
feet  high  are  growing.  The  absena'  of  I'egetation  is  evidently  due 
to  H  lack  of  soil,  and  this  in  turn  in  due  to  the  slow  disintegratioii 
of  the  obsidian  and  to  the  of«n  and  oavenKHis  clmriiutfr  of  tho  nKiks, 
which  permits  dust  and  the  finer  pnidiicts  of  dimDtegrattoii  to  «infc 
too  deeply  into  tJiem  to  be  nvailiilile  fur  plant  support. 

The  most  jiovel  feature  of  Crat«>r  No,  5,  and  one  which  is  absent 
from  its  companions,  is  the  pit«i'ti«'  in  the  (fiitnil  pari  of  the  roiifjih 
lava  plain  it  eneloses  of  a  tower-like  niasw  of  rugged  and  ancrular 
iTHgs  whieii  rise  al»out  250  fwl  idxive  it.  Thw  appwiriinoi*  of  tliit« 
lentral  crags,  as  seen  from  the-sonthweat,  ia  shown  on  I'l.  XVII,  //, 
Till'  middle  distaniv  in  the  pictniv  is  occtipied  by  llie  rough  hipilli 
surface  which  forms  the  gi-eater  part  of  the  floor  of  the  crater  and 
encircles  the  crags  rising  wilhiii  it  on  all  sides  e.\wipt  the  northwest. 
The  crags  themselves  are  ctiniposed  of  denwe,  gi'anular  andesite,  and 
ore  without  obsidian,  scoria",  or  pumice,  and  are  int<?rpretcd  as  having 
Uvn  formed  by  an  upward  protrusion  of  solid  lava  after  ihe  manner 
of  the  formation  of  the  "  obfilisk  "  of  Mount  Pelw." 

The  material  occupying  Crater  No,  5  abont  the  base  of  itp  central 
pile  of  crags  presents  intere-sting  and  novel  features,  inusnnich  ii-s  it 
is  composed  of  angidar  fragnienis  that  occur  in  irregular  heaps,  with 
equally  irregular  basins  intervening.  The  surface,  alttiungh  gener- 
ally a  plain,  is  uneven  and  has  hills  and  hollows  resembling  those  of 
a  glacial  moraine,  but  is  compos«^d  of  angular  fragments  consisting 
of  pumice,  scoria",  obsidian,  and  a  few  imperfectly  shaped  bombs. 
The  explanation  of  this  seems  to  lie  that  mild  steam  explosions  took 
place  in  it  which  threw  it  into  pilas,  leaving  depressions  where  the 
explosions  occurred ;  after  the  explosions  ceased  cracks  formed  in 
the  more  solid  rock  beneath  and  permitted  a  subsidence  of  the  mat^"- 
riai  resting  on  it  along  certain  more  or  less  definite  lines.  About  the 
border  of  the  irregular  lapilli  field  flooring  the  gi-eater  part  of  the 
crater  there  is  a  belt  about  150  feet  wide  composed  of  angular  and 
upturned  blocks  of  obsidian  and  biack  scoriie,  of  the  same  nature  and 
the  same  general  appearance  as  the  surface  of  the  adjacent  lava 
flow.  A  porti()n  of  this  broken  and  very  rough  bordering  belt  is 
shown  in  the  foreground  of  the  view  in  PI.  XVII,  li. 

A  plain  of  pumiceous  lapilli  lies  east  of  Crater  No.  .'i,  from  which 
the  pumice  was  no  doubt  blown'ont.  This  pumice  plain  res(?nd)les 
several  other  small  basins  in  Ihe  same  region.  This  sheet  of  pumice 
covers  the  adjacent  rim  of  the  amphitheater  and  is  widely  distrib- 
uted over  the  neighlxiring  plains.     As  it  merges  with  other  similar 
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deposits  discharged  from  craters  in  the  Cascade  Mountains,  the  limits 
of  its  distribution  can  not  at  present  Ix;  stated.  On  PI.  XV^II,  J, 
tlie  general  api)earance  of  the  precipitous  margin  of  the  lava  flows 
from  craters  Nos.  4  and  5  is  shown.  Escarpments  of  this  nature  are 
characteristic  of  the  margins  of  all  the  lava  flows  in  the  amphithea- 
ter and  show  that  the  material  of  which  they  are  composed  was 
thick  and  viscous  at  the  time  it  flowed  away  from  the  craters  from 
which  it  was  discharged. 

The  interpixitation  of  the  records  made  by  the  volcano  designated 
as  Crater  No.  5  may  Ix;  stated  briefly  as  follows: 

The  Volcano  was  the  last  (or  perhaps  the  next  to  the  last  in  case 
Crater  No.  4,  which  is  of  about  tlie  same  age,  was  in  action  at  a  later 
date)  of  tliose  which  originated  along  a  fissure  in  the  bottom  of  the 
NewlxTry  amphitheater.  Its  activity  at  first  was  characterized  by 
violent  explosions,  which  blew  out  pumiceous  lapilli  and  distributed 
it  widely  over  the  adjacent  region,  particularly  on  the  encircling 
cliffs  to  the  south  and  east.  An  encircling  ring  of  lapilli,  in  general 
about  a  hundred  feet  high,  with  a  sharp  cre^t,  was  formed,  having 
a  diameter  of  approximately  1,500  feet.  Later  came  an  outwelling 
of  thick,  vis(;ous  lava  which  flowed  northwest  and  expanded  some- 
what Ix^fore  cooling.  The  sluggish  flow  of  this  lava  is  indicated  by 
the  fact  that  it  descended  a  slope  with  a  well-marked  gradient — 
alH)ut  500  feet  to  a  mile — and  came  to  rest  with  precipitous  borders 
50  to  80  feet  high  on  all  sides.  Following  the  extrusion  of  the  vis- 
cous lava  came  a  massive-solid  eruption,  during  which  the  material 
congealed  at  a  considerable  depth  in  the  supplying  conduit  was 
forced  up,  so  as  to  form  the  pile  of  crags  in  the  center  of  the  crater. 
That  the  lava  composing  these  crags  cooled  and  hardened  at  a  depth 
and  under  pressure  is  shown  by  the  absence  of  glass  and  scoria?  and 
l)y  the  incipient  cr^-stallization  which  resulted  in  a  gi'anular  struc- 
ture of  the  material.  The  magma  which  once  rested  on  this  more 
slowly  cooled  material  was  perhaps  discharged  as  viscous  lava,  but 
more  probably  was  blown  away  in  the  condition  of  a  fragmental- 
solid  discharge.  After  the  central  column  had  l)een  forced  upward 
and  out  of  the  summit  of  the  conduit  as  a  solid  protrusion  mild 
explosions  occurred  in  the  crater  about  its  base  and  j)roduced  lapilli 
and  a  few  bombs,  which  were  left  in  heaps,  with  irregular  depres- 
sions intervening.  After  the  explosions  ceased  there  was  some  move- 
ment in  the  solid  rock  Ix^neath  the  lapilli,  which  caused  it  to  become 
fractured. 

The  volcano  that  built  Crater  No.  5  thus  left  records  of  having 
undergone  fragmental-solid,  effusive,  and  massive-solid  eruptions. 

The  reason  for  assigning  the  five  volcanoes  just  described  to  a 
post-Glacial  date  is  becausts  although  they  occur  within  an  amphi- 
theater which  was  at  one  time,  presumably  during  the  Glacal  epoch, 
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occiipipd  by  n  ni'Vi'  fiphl  tlmt  (rave  oiiiKiu  to  gluciers.  neither  thc?ir 
crftt#rs.  ttmipuscil  of  loose  fnigineiits,  nor  the  roiigli  Murfaces  of  their 
lava  flows  boar  any  pvidfinre  of  glaciatioii;  without  qiiention  they  did 
not  exist  wlicri  thfir  sitt's  were  ott^upiwl  by  flowing  iw;. 

OKCB.IT   BASALTIC    CUATBKS. 

A  large  nutnlx*r  of  comjmrulively  Kniall,  bluek  or  reddish,  conical 
etQvations,  some  of  them  with  depressions  in  their  summits,  are  clus- 
tered about  the  base  and  on  the  sides  of  Monnt  Newberry,  but  more 
especially  north  and  south  of  the  coutral  elevation.  These  secondary 
hills  have  the  form  and  color  of  basaltic  cinder  and  lapilH  cones,  und 
a  long,  narrow,  black  area  5  or  6  miles  south  of  Mount  Newberry  and 
trending  about  northeast  and  aotithwest.  and  bare  of  trees,  though  the 
adjacent  land  is  dcii^Jy  forested,  reveals  the  presence  of  n  rough  lava 
flow,  probably  of  basalt.  Besides  Lava  Butt«,  which  belongs  to  the 
same  series  and  is  desfTibed  below,  only  one  of  tlic  scoro  or  more  of  tlie 
recent  cratcrH  referred  to  was  visited,  and  that  one,  situated  about  4 
miles  west  of  Pauline  Lake,  was  found  to  Ix!  a  basaltic  crater  built  of 
lapilli,  with  a  well-defined  rim  about  130  feet  high  on  the  outside, 
inclosing  a  depi-osaion  approximately  100  feet  deep  and  600  feet 
across.  This  ci-at^-r  is  in  the  region  traversed  by  the  glacier  which 
flowed  out  of  the  Newberry  amphitheater,  and  aa  it  is  unglaciated,  is 
evidently  of  pust-Chu-iiil  iliiti'.  It  is  ovor^rowii  with  tnvs,  however. 
and  is  probably  older  than  the  bare,  black  lava  stream  to  the  south  of 
Moimt  Newberry,  ivnd  also  older  than  Lava  Butte,  described  below. 

From  the  similarity  of  the  several  secondary  craters  to  the  north 
and  south  of  Mount  Newberry  to  the  one  just  mentioned  and  to  Lava 
Butte,  it  is  judged  that  they  all  consist  of  basaltic  rock  and  are  post- 
Glacial  in  age.  The  score  or  more  volcanic  piles  here  considered  are 
a  part  of  a  much  greater  group,  which  includes  the  50  or  more  cratei's 
and  cones  in  the  neighborhoofl  of  Button  Spring,  briefly  described 
on  page  71,  and  also  probably  part  of  a  still  larger  number  of  similar 
topographic  forms  situated  to  the  south  of  Mount  Newberry  and 
known  in  part  as  the  Walker  Range.  A  vast  field  for  the  study 
of  volcanoes,  and  one  which  will  richly  repay  investigation,  is  here 
inviting  attention. 

Loration  and  genernl  features.— Siimi^A  alx)ut  1'2  miles  slightly 
west  of  north  of  Mount  Newberry  and  about  2  miles  east  of  Deschutes 
River,  at  Benham  Falls,  is  Lava  Butte,  a  conspicuous  lapilli  cone 
with  a  deep  crater  in  its  summit,  from  the  south  base  of  which  a 
stream  of  basaltic  lava  was  poured  out  and  flowed  toward  the  north- 
west at  a  recent  diite.  The  position  of  the  luva  flow  in  reference  to 
the  cone  from  whi<'h  it  came,  the  manner  in  which  the  lava  turned 
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Deschutes  River  aside,  etc.,  are  indicated  on  the  following  map,  based 
on  surveys  made  by  the  Pilot  Butte  Development  Company. 
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Fin.  S. — ttlirlch  oiap  ot  I^va  Butte  and  vldnltj. 

Lava  Butte  is  sparingly  overgrown  with  pines,  but  the  associated 
lava  How  is  nearly  bare  of  vegetation,  except  that  here  and  there 
a  juniper  tree  has  taken  root.  The  scarcity  of  vegetation  on  the  lava, 
however,  is  not  an  inde.x  of  extreme  youth,  since  trees  are  found  upon 
it  wherever  the  conditions  have  permitted  the  accumulation  of  suffi- 
cient soil.  Dead  juniper  trees  from  16  to  18  inches  in  diameter,  now 
bleached  to  a  silvery  whiteness,  which  lie  on  it,  in  several  instances 
midway  down  its  surface,  show  that  it  was  extruded  at  least  a  hun- 
dred and  probably  more  than  a  hundred  and  fifty  years  ago. 

The  cone  of  Lava  Butte  rises  about  500  feet  above  the  adjacent 
forest -covered  country,  and  is  composed  mainly  of  a  coarse,  angular, 
basaltic  lapilli  and  scoriaceous  fragments  varying  in  size  up  to  3  or  4 
inches  in  diameter.  The  color  of  this  material  is  mostly  red  and 
black.  Mingled  with  the  angular  fragments,  especially  within  the 
crater,  are  many  volcanic  bombs  and  oval  scoriaceous  masses  3  or  4 
feet  in  diameter,  which  were  blown  out  aa  clots  of  viscous  lavs.  A 
crater  about  1^0  feet  deep,  which  is  situated  at  the  summit  of  the 
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Iiiit((>.  19  without,  lava  which  rose  in  a  fused  cnnditioii.  and  is  now 
partly  filled  with  debris  which  has  fallen  from  its  walls  and  given 
it  a  conspiciioiis  inverted-coue  slial^e. 

The  appearance  of  T^ava  Butt*  as  seen  from  the  southwest,  near  the 
southern  margin  of  it.s  accompanying  lai'a  field,  is  shown  on  PI. 
XVIII.  As  can  he  seen  in  the  pictnre,  the  lava  rises  higher  than 
elsewhere  at  the  south  base  of  the  cone  and  i^-tands  in  nigged  crags. 
This  fact  is  connected  with  one  of  the  most  instructive  features  that 
the  volcanic  cone  and  its  ac<'onii)anying  lava  stream  presents,  and  may 
be  considered  as  a  confribulion  to  the  eharat-teristics  of  volcanoes  pre- 
viously recorded. 

Lava  delta.^—The  lava  escaped  through  the  base  of  the  lapilli  cone 
forming  I^ava  Butte  on  its  south  sidi-.  but  did  not  breach  it.  and 
flowed  south  for  a  few  hundred  yards  and  then  in  the  main  curved 
and  went  towiird  the  west  and  the  northwest.  At  a  late  stage  in  the 
discharge  of  the  lava  it  formed  a  "  lava  gutter  "  of  the  same  cliaracttT 
as  the  miniature  examples  about  one  of  the  Jordan  craters,  described 
in  a  previous  report."  but  was  500  feet  long,  about  100  feet  wide  at  the 
bottom,  and  fully  80  feet  deep.  The  nearly  vertical  walls  of  this 
black,  ragged  trench  reveal  no  lava  "'  drip,"  but  are  comix>s<'d  of  tha 
broken  edges  of  thin  scoriaecons  lava  sheets  which  are  inclined  away 
from  the  longer  axis  of  the  gutter  at  low  angles.  The  steepness  of 
the  walls  is  due  in  part  to  disintegration,  and  the  fall  of  their  origi- 
nal surfaws.  The  bottom  of  the  gutter  is  now  a  chaos  of  fallen  frag- 
ments. From  the  crest  of  the  walls  of  the  gutter  the  surface  sloj)es 
stei'ply  down  to  the  rough,  hut  in  general  nearly  level,  bordering  lava 
field.  That  is.  the  gutter  is  in  the  summit  of  an  elevated  ridge.  At 
its  lower  or  distal  end  it  divides  into  three  diverging  gutters,  with 
rugged  crags  Iwtween,  one  of  which  leads  west,  another  south,  and 
the  third  southeast. 

The  west  distributary,  as  it  may  be  t<>nned  from  its  analog}'  to  a 
division  of  a  river  in  a  delta,  is  the  smallest  of  the  three.  It  is  about 
30  feet  wide  at  the  bottom,  with  vertical  walls  20  to  30  feet  high,  on 
which  are  lioneycomlwd  or  stalactite-like  shapes  produced  by  the 
dripping  of  the  molt«n  r(K-k  which  adhered  to  them  when  the  stream 
of  lava  ceased  to  flow  and  left  its  channel  empty.  The  bottom  of  the 
gutter,  when  followed  in  the  direction  of  the  lava  flow,  descends 
sharply,  and  at  a  distance  of  about  500  feet  merges  with  the  surface 
of  the  lava  field  with  which  it  is  confluent.  The  lava  in  the  bottom 
of  the  gutter  is  highly  scoriaceous  and  presents  swells  and  concentric 
ridges.  The  ridges  occur  in  series  which  forms  concentric  parabolic 
or  pointed  curves,  convex  on  the  downstream  side,  and  showing  that 
the  last  weak  di.scharge  of  lava  cooled  and  stiffened  as  it  flowed. 
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The  divisions  of  the  main  gutter  that  lead  south  and  southeast  from 
the  base  of  the  butte  are  in  each  case  50  to  60  feet  wide  at  the  bottom, 
and  have  precipitous  walls  30  to  50  feet  high,  in  which  the  broken 
edges  of  thin  scoriaceous  sheets  of  basalt  are  exposed.  In  a  few 
places,  however,  the  walls  of  the  gutters  still  preserve  the  original 
coating  of  congealed  lava  which  was  left'  adhering  to  them  when  the 
lava  streams  subsided  and  left  their  channels  empty.  The  length  of 
the  two  diverging  channels  referred  to,  although  indefinite,  is  in  the 
neighborhood  of  600  or  700  feet.  Their  borders  are  elevated  ridges 
which  slope  down  steeply  to  the  adjacent  lava  surface,  as  in  the  case 
of  the  main  or  trunk  channel. 

The  interpretation  of  the  facts  pertaining  to  the  great  lava  gutter 
and  the  three  separate  parts  into  which  it  divides  is  briefly  as  follows: 

The  lava  from  Lava  Butte  escaped  from  it  through  a  tunnel  at  its 
base  on  the  south  side  without  breaking  in  or  in  any  way  defacing  the 
great  pile  of  loose  material  from  which  it  came.  The  explosions 
which  blew  out  lapilli,  clots,  and  bombs,  and  built  the  cone  with  its 
deep  summit  crater,  ceased  when  the  discharge  of  lava  occurred,  as 
is  shown  by  the  absence  of  fragmental  material  on  the  surface  of 
the  lava,  although  it  is  present  on  the  adjacent  country.  The  lava 
ran  out  in  a  liquid  condition  and  in  large  volume,  as  a  stream  about 
100  feet  wide,  on  the  side  of  which  cooling  and  hardening  took 
place  and  bordering  ridges  were  formed.  As  the  stream  continued 
to  flow  it  spread  over  its  banks,  much  as  an  alluvial  river  when  in 
flood  crosses  its  natural  levees,  and  the  lava  which  thus  expanded 
cooled  and  formed  thin  scoriaceous  sheets,  which  increased  the  height 
of  the  walls  bordering  the  lava  stream  and  produced  what  n^ay  per- 
haps be  termed  "  lava  levees."  A  great  gutter  was  thus  formed 
which  led  south  for  about  1,000  feet,  but  the  molten  lava  coursing 
through  it  broke  across  its  confining  walls  in  two  places,  in  much 
the  same  manner  that  an  alluvial  river  subdivides  on  a  delta,  and 
two  distributaries  of  the  lava  stream  were  found,  each  of  which  also 
expanded  laterally  and  formed  lava  levees  of  its  own.  This  is  the 
situation  in  brief.  The  entire  history  of  the  discharge  and  of  the 
way  in  which  the  lava  levees  bordering  the  streams  of  molten  rock 
were,  built  is  no  doubt  much  more  complex,  for  the  earlier  levees 
formed  were  buried  beneath  later  ones  and  assisted  in  making  the 
prominent  elevation  into  which  the  lava  field  rises  at  its  source, 
as  shown  on  PI.  XVIII. 

These  gutters  therefore  present  an  example  of  what  may  be  termed 
a  "  lava  delta,"  their  similarity  to  the  work  of  an  aggrading  river 
being  very  striking.  Similar  topographic  forms  are  produced  in 
each  case,  but  by  different  methods.  The  manner  in  which  a  lava 
stream  overspreads  its  banks  and  makes  deposits  upon  them  is  still 
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nion*  strikingly  pamlloled  by  brooks  biuI  rills,  which  in  winter  stomo' 
tinicn  inimdak'  thuir  Imnks  and  congeal,  forming  ice  levt-es. 

Tho  volcano  which  built  Lava  Butle  originated  on  the  east  Hide, 
of  the  valley  of  the  Deschutes,  where  the  slope  was  westward.  The 
naturo  of  this  slope  is  revealed  in  the  forested  region  i»mie«iiatoly 
south  of  tlie  butte,  wl;ere  a  sheet  of  old  basaltic  lava  forms  the 
surfara.  The  lava  disdiargcd  by  the  volcano  came  from  an  opening 
on  the  south  side  of  th&  lapilli  cone  it  built,  and  at  first  flowed 
sonth,  hut,  owing  to  the  inclination  of  the  surface  over  which  it 
advanced,  soon  turned  and  advanced  westward  into  the  valley  of 
the  Deschutes,  whicli  it  occupied  from  side  to  side,  damming  the 
river  and  extending  northward  down  the  valley  for  a  distance  of 
between  5  and  (i  miles. 

The  lava  was  liquid  and  no  doubt  flowed  rapidly,  but  a  surface 
crust  formed  and  became  broken  by  the  energetic  underflow,  and  the 
blocks  and  cakes  prodiiwd  wen'  carried  along  and  pushed  up  into 
heaps,  ao  as  to  form  a  typical  "  aa  "  surface,  as  such  rough-faced  lava 
streams  arc  termed  on  the  Hawaiian  Islands,  The  roughness  of  the 
surface  of  the  lava  may  be  judged  to  some  extent  from  its  appcAranco 
as  shown  in  Pi.  XVIII.  Owing  to  the  large  proportion  of  solid 
lava  involved  in  the  still  liquid  or  viscous  portion,  the  stream,  as  it 
advanced  and  expanded,  became  sluggish  and  cooled  with  a  pre- 
cipitous border  in  genera!  30  to  50  ft'ot  high.  The  bold  angular 
escarpment  margining  the  lava  field  on  all  sides  is  composed  of 
angidar  masses  of  scoriaceous  lava,  formed  by  pushing  along  the 
broken  fragments  of  the  crust,  which  hardened  before  the  motion 
in  the  deeper  portion  of  the  stream  ceased,  and  has  suffered  but  little 
disintegration  or  decay  since  it  came  to  rest.  The  general  plan  of 
the  lava's  border  is  excessively  irregular  and  is  characterized  by  the 
presence  of  angular  projections  from  its  general  alignment  and  equally 
sharp  and  angular  reentrants. 

As  indicated  on  the  accompanying  sketch  map  (fig,  2,  p.  Ill),  the 
lava  sheet  surrounds  the  butte  frofti  which  it  came  on  all  sides  e.xcept 
the  east.  The  same  ma]>  shows  also  the  fact  that  Deschutes  River 
meets  the  lava  flow,  is  deflected  from  it,  and  on  returning  foUows 
its  margin  for  about  2^  miles.  The  lava  completely  dammed  the 
former  course  of  the  river  and  caused  a  lake  to  form,  which  found  an 
outlet  across  a  ridge  of  acid  lava,  probably  rh^'olite,  on  its  west 
border.  The  outflowing  waters  cut  a  deep,  narrow  canyon,  through 
which  the  river  now  rushes,  forming  a  series  of  cascades,  known  as 
IJenham  Falls  (PI.  XVI.  B).  This  feature  of  the  river,  and  the 
Mot  thiit  its  waters  spread  into  the  lava  during  high-water  stages, 
so  as  Id  roguliite  its  flow  Ix-low  the  obstruction,  will  lie  descrilwd  a 
few  jiiigcs  hiliT  in  connection  with  other  characteristics  of  the 
Deschutes  {p.  117). 
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Age  of  the  lava. — The  presence  of  pines  on  Lava  Butte,  and  the 
occurrence  of  both  living  and  dead  trees  on  the  lava  flow  that  escaped 
from  it,  furnish  evidence  that  the  activity  of  the  volcano  ceased  at 
least  a  hundred  and  probably  more  than  a  hundred  and  fifty  years 
ago.  The  age  of  the  lava  flow  relative  to  other  volcanic  eruptions 
in  the  same  region  is  recorded  in  part  by  the  presence  on  the  country 
about  it,  but  not  on  its  surface,  of  pumiceous  lapilli,  which  cover  the 
slopes  of  Mount  Newberry,  and  the  moraines  that  form  a  dam  across 
the  outlet  of  its  amphitheater,  but  are  not  present  on  the  rhyolitic 
lava  streams  within  the  amphitheater.  I^ava  Butte  and  its  associated 
sheet  of  basalt,  like  the  obsidian  lavas  in  the  amphitheater  of  Mount 
Newberry,  is  thus  shown  to  have  come  into  existence  since  the 
Glacial  epoch. 

Faulting, — Starting  near  the  south  base  of  Lava  Butte  and  extend- 
ing at  least  a  mile  southward  is  a  fissure  in  the  older  basalt  of  the 
region,  which  throughout  much  of  its  course  is  a  steep-sided  trench 
about  15  feet  wide,  varying  in  depth  from  a  few  to  10  or  15  feet. 
Throughout  the  length  of  this  break,  as  far  as  followed,  there  has  been 
a  movement  of  the  rocks  of  its  walls,  which  has  resulted  in  raising 
its  eastern  from  10  to  30  feet  higher  than  its  western  side.  This  fault 
is  of  recent  date,  and  perhaps  indicates  the  course  of  the  break  which 
permitted  the  volcanic  conduit  that  built  Lava  Butte  to  gain  the 
surface. 

Lava  tunnel, — About  24  miles  south  of  Lava  Butte,  in  a  nearly 
level  forest-covered  region,  where  the  surface  rocks  are  basaltic  lava 
of  earlier  date  than  the  lava  stream  discharged  from  the  butte,  there 
is  an  open  trench  about  400  feet  long  and  50  feet  wide,  with  nearly 
vertical  walls  from  30  to  40  feet  high.  The  trench  is  due  to  the 
falling  in  of  the  roof  of  a  lava  tunnel,  and  its  bottom  is  composed  of 
angular  blocks  of  basalt  variously  inclined.  At  each  end  of  the 
trench  one  can  descend  a  steep  slope  of  lava  blocks  and  gain  access 
to  portions  of  the  tunnel  where  the  roof  is  still  in  place,  though  the 
tunnel  for  several  'hundred  feet  on  each  side  of  the  gap  is  heavily 
encumbered  with  blocks  of  rock  that  have  fallen  from  the  roof. 
Farther  in,  I  am  informed,  where  but  little  dislodgment  of  blocks 
of  rock  from  the  roof  has  occurred,  the  bottom  of  the  tunnel  is  a 
level  floor  of  pumiceous  sand.  It  is  also  stated  by  parties  who  have 
explored  the  northern  extension  of  the  cavern  that  it  can  be  traversed 
for  a  distance  of  about  2  miles. 

This  tunnel  is  like  several  others  in  the  same  region,  and  is  due  to 
the  outflow  of  a  lava  stream  after  a  roof  from  30  to  40  feet  thick  had 
been  formed  by  the  cooling  of  the  lava  above  it 
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From  the  top  nf  Lava  Butt*'  a  fine  view  may  be  had  of  the  sitrrouiid- 
ing  forest-coverod  region  and  of  the  desolate  lavs  field  bordering  it 
on  the  west,  as  well  as  of  the  valley  of  tlie  Deschutes,  the  dark  easti-rn 
slopes  of  the  Cascade  Mountains,  and  Hie  several  fine  snow  peaks 
that  crown  their  summit.  One  of  the  most  instructive  features  of 
this  far-reaching  view  is  furnished  by  the  numerous  conical  hills  to 
the  south.  In  the  direction  mentioned,  within  a  radius  of  about  15 
miles,  42  conical  hills,  ranging  from  perhaps  2S0  to  500  feet  in  height, 
were  counted.  These  are  all  recent  volcanic  cones  and  cratei-s,  but  are 
now  forest- covered.  In  traversing  this  region  still  other  similar 
volcanic  piles  wei-e  observed,  and  their  total  number  must  approach, 
and  pcrhajjs  exceed,  100.  This  is  but  a  part,  however,  of  a  region 
yome  1.500  to  ii.OGO  stjuare  miles  in  area,  extending  eastward  beyond 
Christmas  I^ke.  south  at  least  to  the  Walker  Range,  and  west  t4j 
the  volcanoes  of  the  Cascade  Mountains,  which  is  studded  nearly 
cverj'where  with  small  volcanic  cones,  most  of  which  are  believed  to 
be  composed  of  basaltic  rocks  and  to  be  of  the  type  of  Lava  Butte. 

BENHAM    FA1J.K. 

The  lava  stream  from  Lava  Butte,  as  already  described,  entered  ■ 
the  vallev  of  Deschutes  River  and  formed  a  dam.  The  river,  thust  V 
turned  aA<]r,  Ix-^riiii  tr.  erode  a  new  Hianncl  across  ii  spur  of  th^  ..Id 
acid  lava,  which  previous  to  the  change  formed  part  of  its  west  bank. 
The  new  channel  is  about  half  a  mile  long,  and  as  the  task  of  deepen- 
ing it  to  the  depth  of  the  old  one  is  as  yet  incomplete  the  waters 
form  a  series  of  rapids,  to  which  the  name  Benham  Falls  has  been 
given.  A  picture  of  this  interesting  locality  is  presented  on  PI, 
XVI,  B,  and  the  relation  of  the  lava  to  the  river  is  shown  on  the 
sketch  map  on  page  111,  (fig.  2).  The  fact  that  the  river  has  not 
as  yet  deepened  its  present  channel  to  the  depth  of  the  adjacent 
portion  of  the  old  channel  now  occupied  by  recent  basalt  is  also 
shown  by  its  sluggisli  flow  above  the  obstructions,  where  the  still 
water  is  from  10  to  15  feet  deep.  For  about  one-half  mile  nlxive 
the  head  of  Benham  Falls  and  for  approximately  3  miles  down- 
stream from  the  foot  of  the  rapids  designated  by  that  name  the  river 
is  margined  on  the  east  by  a  rough,  precipitous  escarpment  of  fresh, 
black,  basaltic  lava  alwut  40  feet  high,  which  is  cavernous  and  inter- 
sected by  fissures.  The  river  seems  to  have  filled  the  interstict^s  in 
the  rock  adjacent  to  the  fresh  lava  over  which  it  flows  during  ordi- 
nary stages,  but  when  a  slight  rise  is  exi^rienced  the  water,  after 
gaining  a  certain  level,  escapes  into  the  lava  and  disappears  from 
sight.  At  several  localities  along  the  border  of  the  recent  lava  the 
water  of  the  river,  during  my  visit  late  in  August,  was  observed 
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flowing  into  crevices  in  the  rocks  along  the  border  of  the  stream,  and 
it  was  apparent  that  a  tendency  in  the  river  to  rise  would  be  eflS- 
ciently  checked  in  this  manner.  The  greater  the  volume  of  the  river 
the  more  efficient  these  natural  subterranean  spillways  become.  The 
water  on  escaping  from  the  river  finds  its  way  through  or  beneath 
the  lava,  and,  as  there  are  good  reasons  for  believing,  again  comes 
to  the  light,  in  part  at  least,  in  the  bottoms  of  the  canyons  of  Des- 
chutes and  Crooked  rivers,  at  a  distance  of  30  to  40  miles  to  the  north 
of  the  localities  where  it  disappears.  Opal  Spring  and  other  similar 
springs  in  the  canyon  of  Crooked  River,  described  on  page  88,  may 
reasonably  be  explained  on  this  hypothesis. 

The  efficient  check  on  the  rise  of  the  waters  of  the  Deschutes  so  pro- 
vided exerts  a  conspicuous  influence  all  the  way  down  its  course  below 
Benham  Falls  to  the  mouth  of  Crooked  River,  a  distance  of  about  50 
miles.  The  annual  range  in  the  height  of  the  river  throughout  this 
section  is  only  8  or  10  inches,  while  above  Benham  Falls  the  seasonal 
variations  in  the  surface  level  of  the  river  amou|it  to  several  feet. 

LAKES  NEAR  SOURCES  OF  DESCHUTES  RIVER. 

Near  the  sources  of  West  Fork  of  Deschutes  River  and  also  at  the 
head  of  the  main  stem  of  the  river,  sometimes  designated  the  Middle 
Fork,  there  are  beautiful  lakes,  still  surrounded  by  primeval  forests, 
which  furnish  instructive  examples  of  water  bodies  held  by  danLS 
built  by  glaciers  or  formed  by  lava  flows.  Some  of  the  lakes  referred 
to  also  give  promise  of  becoming  of  importance  when  ther  settlement 
of  Deschutes  Valley  has  so  far  increased  that  irrigation  will  have 
become  imperative. 

DAVIS   LAKE. 

On  West  Fork  of  Deschutes,  near  its  source,  is  Davis  Lake,  which 

is  retained  by  a  dam  of  lava  of  recent  date.     This  lake  was  seen  by 

me  from  the  basaltic  hills  on  its  southern  border,  but  was  not  directly 

examined.     A  brief  description  of  it  by  Lieut.  T.  W.  Symons,  who 

visited  it  in  1878,  which,  as  I  learned  from  frontiersmen  living  in  its 

vicinity,  indicates  its  present  condition,  is  as  follows :  ^ 

Climbing  one  day  around  the  brow  of  a  hlH,  we  came  in  sight  of  another  lake, 
clifT  and  tree  environed  and  with  bottom  lands  and  meadows  of  great  extent, 
with  what  api)eared  to  l>e  mud  flats  near  the  water.  This  lake  and  valley  were 
about  12  l)y  0  miles  in  size,  and  took  us  comjiletely  by  surprise,  as  they  were 
evidently  in  the  c*ourse  of  our  West  Fork  and  were  not  represented  on  any  map. 
Reachlng.it  we  found  at  its  southern  end  many  acres  of  rich  grass  and  bunches 
of  tail  willows.  Following  around  the  west  shore  to  the  north  end  we  ascer- 
tained tlrat  there  was  no  visible  outlet.     We  saw  the  watermarks  20  feet  above 

«  U.  S.  Geol.  Surv.  W.  One  Hundredth  Mer.  (Wheeler  Survey),  Appendix  B,  1879,  p. 
218. 
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us  on  tbp  lovn  bluffs  ot  tlie  northeru  and  nortUwestem  sbores,  and  ennpliv: 
IwslUe  these  In  the  Dlght  wp  liPurd  Htrange  ruiiiUlingB  lu  the  vnat  pile. 

Wo  routui  tlifi  tiMt  diiy  tiiut  tliewo  Imn  iH'ds  formed  iin  impassable  Imrrirf 
pxlpndlng  HiibroiteH  for  about  4  niiles  to  tbe  iiorlli.  anil  at  ttieir  end  were  n^n  ■ 
BUrprlsod  to  And,  foaming'  out  from  iiniJenieatli  the  e'ant  l>i)vr]dere.  the  clear, 
cold  river  tliat  wo  liml  xeon  lutie  Itself  In  the  lake  m  uiileii  and  more  to  the  south.. 

The  value  of  Da^ns  Lake  «s  a  storage  reservoir  is  not  clearly  tihown 
hy  tlie  above  description,  although  it  at  least  suggests  the  desirability 
of  making  a  survey  for  the  i>urpf>se  of  determining  its  utility  for  thttt 
purpose.  An  alternative  in  this  conneetion  is  presented,  however,  by  ■ 
Odell  Lake,  situated  on  the  same  stream,  about  (i  miles  nearer  iUl- 
source. 


Tliifi  charming  slun^t  of  clcjir,  eold  water,  tiurroimded  l»y  liold^ 
forest- covered  ninuntains,  iw  located  on  the  east  side  of  the  Cascade 
Mountains  in  proximity  to  their  crest,  and  receives  the  water  from. 
the  snow  fields  on  Diamond  Peak,  the  height  of  which  is  8,807  fcurt. 
On  the  side  of  that  tine,  bold  mountain  and  in  view  from  the  east 
side  of  Odell  Lake  there  is  a  miniature  glacier  situated  just  alxivo 
the  upper  limit  of  tree  growth,  which  may  be  considered  as  a  much- 
wasted  remnant  of  an  extensive  ice.  stream  tliat  formerly  flowed  east- 
■Ward  from  the  same  elevated  region  and  occupied  the  valley  in  which  > 
the  pre.'^'iit  lake  occur-i.  The  former  glacier  had  ^everjil  tribiitiiries 
in  its  upper  portion,  and  also  received  contributions  from  snow  fields 
that  covered  the  less  imposing  volcanic  mountain  to  the  northeast  of 
Odell  Lake.  The  ice  that  flowed  through  the  previously  stream- 
eroded  valley  broadened  its  bottom,  rounded  and  smoothed  the  ledges 
and  hills  of  resistant  rocks  on  its  borders,  and  on  melting  left  con- 
spicuous and  well-defined  lateral  moraines  on  its  sides  and  a  series  of 
curved,  concentric,  terminal  moraines  alxiut  its  southern  end.  The 
lateral  moraines  on  the  aides  of  the  valley  slope  perceptibly  in  the 
direction  of  ice  movement;  in  general  the  highest  in  the  series  on 
each  side  of  the  lake  has  an  elevation  of  from  1,000  to  1,500  feet  above 
its  surface.  The  terminal  moraines  which  sweep  across  the  southern 
end  of  the  basin  in  a  series  of  open  loops  are  steep-sided  ridges  com- 
posed of  bowlders  and  much  volcanic  lapilli  and  pumice.  The  inner- 
most of  the  series  rises  precipitously  from  the  south  end  of  the  lake, 
and  fonus  the  dam  which  retjiins  its  waters.  The  moraine  is  crossed 
by  the  stream  flowing  from  the  lake,  which  has  excavated  a  narrow, 
steep-sided  gorge  across  it.  This  gorge  furnishes  a  favorable  site  for 
a  dam,  by  means  of  which  the  level  of  the  lake  could  be  raised  so  as 
to  retain  all  of  its  winter  discharge. 
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An  approximately  correct  cross  profile  of  the  gorge  at  a-  locality 
about  300  yards  below  where  the  outflowing  stream  leaves  the  lake  is 
here  presented : 


Fig.  3. — Cross  profile  of  gorge  at  outlet  of  Odell  Lake. 

The  width  of  the  stream  at  the  locality  where  the  above  cross 
profile  was  obtained  was  .57  feet  on  September  3,  1903,  its  average 
depth  nine-tenths  of  a  foot,  and  its  maximum  velocity,  as  determined 
by  means  of  floats,  seventy-five  one-hundredths  foot  per  seccmd. 
These  measurements  show  that  the  volume  of  the  stream  was  about  31 
cubic  feet  per  second.  This  amount,  however,  is  probably  in  excei^s 
of  the  actual  volume,  as  the  stream  is  much  obstructed  bv  stones  and 
bowlders,  and  the  value  given  to  the  measure  of  the  velocity  conse- 
quently too  great.  A  better  approximation  to  the  volume  of  the  dis- 
charge from  the  lake  is  thought  to  be  25  cubic  feet  per  second. 
Owing  to  the  equalizing  influence  of  the  lake,  the  stream  flowing 
from  it  is  not  characterized  by  conspicuous  variations  in  volume,  but 
nevertheless  there  are  seasonal  changes  to  be  taken  into  account  in 
estimating  the  amount  of  water  available  for  storage.  The  lake  is 
said,  by  persons  familiar  with  it,  to  rise  in  winter  and  spring  from  8 
to  10  inches  above  its  sunmier  stage,  and  with  such  a  rise  the  volume 
of  the  outflowing  stream  can  be  reasonably  assumed  to  be  about  three 
times  its  volume  during  its  lowest  stage,  but  for  what  length  of  time 
the  high-water  stage  continues  is  unknown.  We  can,  however,  from 
the  data  in  hand,  obtain  some  idea  of  the  possibilities  of  the  lake  as  a 
storage  reservoir. 

The  discharge  given  above — namely,  25  cubic  feet  per  second — dur- 
ing a  period  of  nine  months,  the  usual  interval  between  the  seasonal 
periods  during  which  water  is  desired  for  irrigation,  would  be  583,- 
000,000  cubic  feet.  The  lake  has  approximately  an  area  of  6^  square 
miles,  or  181,000,000  square  feet,  and  an  increase  in  its  volume  by  the 
amount  just  mentioned  would  raise  its  surface  about  3  feet.  If  the 
winter  and  spring  discharge  per  second  is,  during  certain  periods, 
three  times  the  lowest  summer  outflow — and  this  seems  all  that  the 
conditions  indicate — it  is  safe  in  endeavoring  to  obtain  a  preliminary 
idea  of  the  possibilities  of  the  lake  for  irrigation  purposes  to  assume 
that  the  mean  discharge  during  the  winter  season  is  not  more  than 
three  times  the  mean  sunmier  outflow.  On  this  assumption,  in  case 
all  of  the  winter  water  is  retained  in  the  lake,  its  surface  would  be 
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raised  about  9  feet.  This  is  certainly  a  liberal  estimate,  and,  besides, 
takes  no  account  of  loss  by  evaporation.  In  considering  the  questioo 
of  how  high  lo  build  a  dam  in  order  to  retain  all  of  the  winter  nin- 
off  allowance  should  be  made  for  probable  seasons  of  more  than  nor- 
mal precipitation,  and  also  for  the  influence  of  gales  blowing  down 
the  lake  in  raising  the  water  at  its  stiuthem  end.  Data  in  these  con- 
nections are  wanting,  but,  allowing  for  all  probable  contingencips,  I 
venture  to  assume  that  a  dam  15  feet  high  above  the  present  t>ed  of 
the  outflowing  stream,  at  the  locality  where  tlie  above  cross  section 
was  obtained,  would  be  all  that  would  be  i-equired.  A  dam  of  this 
height,  as  shown  by  a  broken  line  on  the  profile  in  fig.  3.  would  have 
an  exposed  crest  alxiut  100  feet  in  length. 

The  material  which  would  have  to  be  excavated  to  secure  a  founda- 
tion for  such  a  dam  is  composed  of  bowlders  and  angular  stones  of 
various  sizes  up  to  3  or  more  feet  in  diameter,  between  which  there  is 
compact  volcanic  sand,  pumice,  etc.  Whether  clay  is  present  or  not  is 
unknown.  The  depth  of  the  moraine  is  such  that  it  is  impracticable  to 
reach  a  solid  rock  bottom  in  excavating  for  a  dam,  and  the  deptli  of 
the  base  of  the  dam  below  the  present  stream  bed  and  the  length  of 
the  lateral  extensions  required  in  order  to  counteract  percolation  can 
only  be  judged  when  excavations  sliall  have  been  made.  No  great 
difficidty  in  this  connection,  however,  can  reasonably  be  anticipated. 

The  lowest  sag  in  the  crest  of  the  moraine  which  retains  the  lake, 
as  determined  by  means  of  a  hand  level,  is  between  55  and  56  feet. 
This,  next  after  the  gorge  occupied  by  the  outflowing  stream,  is  the 
lowest  notch  in  the  rim  of  the  basin. 

The  above  measurements  and  estimates,  although  only  approxi- 
mately correct,  will,  I  think,  serve  to  indicate  the  nature  of  the  prob- 
lems to  be  studied  when  Odell  Lake  conies  into  demand  as  a  storage 
reservoir. 


Situated  approximately  4  miles  southwest  of  Odell  Lake  is  Cres- 
cent Lake,  the  source  of  Main,  or  Middle.  Fork  of  Deschutes  River. 
This  lake  is  larger  and  in  nearly  every  way  finer  than  its  neighbor- 
ing water  body,  and,  like  it,  is  surrounded  by  beautiful  scenery 
and  magnificent  forests.  As  nearly  as  can  be  judged  from  the  map 
of  the  Cascade  Range  Forest  Reserve  made  by  the  United  States 
Geological  Survey,  Crescent  Lake  is  about  4  miles  long  and  2  miles 
wide.  Its  ari'a  is  not  far  from  7  square  miles.  It  is  retained  by  a 
strong,  well-defined  terminal  moraine,  which  sweeps  across  the  valley 
in  a  graceful  curve,  presenting  its  eonca\'e  side  to  the  west,  the  direc- 
tion from  which  came  the  glacier  that  built  it,  Tlie  moraine  at  the 
innnediate  border  of  the  lake  is  one  of  a  series  having  a  breadth  of 
about  2  miles,  which  unites  with  the  similar  series  of  ridges  about  the 
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south  end  of  Odell  Lake.  These  moraines  are  composed  of  large 
bowlders,  mingled  with  which  is  considerable  pumiceous  lapilli  of  the 
same  character  as  the  fragments  that  cover  a  large  portion  of  the 
Cascade  Mountains  in  southern  Oregon. 

The  outlet  of  Crescent  Lake  is  at  the  north  end  of  the  moraine  that 
confines  it,  where  the  outflowing  waters  have  cut  a  gorge  of  the  same 
character  as,  but  broader  than,  the  one  excavated  by  the  stream  flow- 
ing from  Odell  Lake.  A  cross  profile  of  the  gorge,  made  by  means 
of  a  tapeline  and  hand  level  at  a  locality  about  100  yards  below  where 
the  stream  leaves  the  lake,  is  here  presented : 

S*>^ -„  i_  1  _     -  3^^*'"*^^^f '**y^'z^f^*^%^^r^'r*^^*^''?> 


^^^^  ,,.,^:^^X^^^^^^mMm- 


Scale  _    , 

_40  _ag.^ igo_^^^^^ g4o  feet 


Ficj.  4. — Cross  profile  of  gorge  at  outlet  of  Crescent  Lake. 

The  width  of  the  stream  is  89  feet,  and  its  average  depth  on  Sep- 
tember 4,  1903,  as  shown  by  15  measurements,  was  nine-tenths  of  a 
foot.  This  may  safely  be  taken  as  its  minimum  depth  during  the 
year.  The  channel  is  much  encumbered  with  bowlders  and  drift- 
wood, so  that  even  an  approximately  accurate  measurement  of  the 
velocity  of  the  stream  by  means  of  floats  is  impracticable.  Trials  in 
this  direction,  however,  gave  a  velocity  of  about  1  foot  in  three  sec- 
onds, which,  together  with  the  other  measures,  indicates  a  volume  of 
about  21  cubic  feet  per  second.  But  as  the  stream  is  plainly  of 
greater  vohime  than  the  one  flowing  from  Odell  Lake,  this  measure 
is  no  doubt  too  small.  Crescent  Lake,  as  reported  by  frontiersmen 
familiar  with  it,  risers  in  March  and  April  about  10  inches  above  its 
lowest  stage,  which  occurs  in  September.  These  statements  are  in 
harmony  with  the  evidence  furnished  by  the  beaches  about  the  bor- 
ders of  the  lake  and  by  the  downward  limit  of  vegetation  on  its 
shores. 

Not  only  is  Crescent  Lake  larger  than  Odell  Lake,  but  the  area 
of  mountainous  land  draining  to  it  is  greater,  while  the  rainfall  is 
essentially  the  same,  each  lake  receiving  some  of  the  precipitation 
falling  on  Diamond  Peak,  the  highest  elevation  in  the  region.  Thus 
in  many  ways  it  is  more  favorably  circumstanced  than  its  companion 
to  serve  as  a  storage  reservoir.  Judgment  based  on  all  available 
data,  and  giving  due  weight  to  the  inadequacy  and  inaccuracy  of  the 
information  in  hand,  indicates  that  a  dam  15  feet  high  would  be  all 
that  is  required  to  control  the  winter  run-off  of  the  lake.  Such  a 
dam,  as  indicated  by  a  broken  line  on  the  profile  given  above,  would 
need  to  be  about  200  feet  in  length. 

It  must  be  remembered  that  in  presenting  these  crude  estimates  my 
aim  is  simply  to  indicate  possibilities  and  to  recommend  surveys,  such 
suggestions  being  some  of  the  functions  of  a  reconnaissance. 
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With  reference  to  obtaining  wat«r  by  means  of  art&iiRn  wpIIs  in 
the  portion  of  the  basin  of  the  DeHchiites  under  consideration,  I 
failed  to  find  any  favorable  evidenoe  so  far  as  deep  wells  are  t^ii- 
eemed.  In  the  material  swept  out  of  gorges  in  the  mountains  and 
deposited  as  alluvial  fans  near  their  mouths,  it  is  possible  that  small 
supplies  of  flowing  water  in  some  instances  may  be  obtained.  Con- 
ditions of  this  nature  occur  afxtut  SisterH,  and  in  other  similar  situa- 
tions along  the  eastern  bust^'  of  the  CHt^unile.  Moniitniiis,  but  no  pre- 
dictions  aa  to  the  success  of  wellw  in  hucIi  localtties  are  at  prwtent 
warrantable.  The  structure  of  thtsai  alluvial  dejKtsits  is  unknown, 
and  at  best  must  be  irregidar.  Thi'  only  method  of  asciTtaining  their 
artesian  possibilities  is  by  sinking  wells  to  a  depth  of  a  f«w  hundred 
feei  on  tlio  lower  portions  of  the  alluvial  sloj>es,  and  thur;  ai«.-«rtaining 
the  local  conditions  by  (rial. 


The  favorable  conditions  for  storing  wat«r,  in  what  may  be  termed 
a  small  way,  in  the  basins  of  Odell  and  Crescent  lakes  leads  to  the 
question :  Where  can  the  water,  if  stored,  be  utilized  t 

In  the  basin  of  the  Deschutes  above  Beiiham  Falls  there  is  a  great 
are*  of  land  which,  as  inspection  indicates  and  private  surveys  are 
said  t<.  show,  can  Im-  ccoiinuiically  irrii:;iled  Ijy  mcuns  of  .iitches 
branching  from  West  and  Middle  forks  of  Deschutes  River.  There 
seems  no  question  but  what,  so  far  as  engineering  possibilities  are 
concerned,  there  is  more  than  enough  practically  level  land  available 
for  the  utilization  of  all  the  water  that  can  be  supplied  for  irrigation 
by  the  branches  of  the  Deschutes  in  the  region  indicated  above.  The 
critical  condition,  however,  which  will  evidently  control  most  irriga- 
tion scliemes  in  the  entire  drainage  basin  of  the  Deschut«s  above 
Benham  Falls,  is  the  nature  of  the  soil. 

Over  all  of  the  region  Just  referred  to,  and  extending  far  beyond  its 
boundaries  in  every  direction,  the  surface  layer  is  composed  of 
pumiceous  lapilli,  ranging  in  depth  from  about  G  feet  as  a  minimum 
to  over  35  feet.  The  exceptions  to  this  statement  occur  where  marsh 
conditions  prevail  and  the  pumice  is  covered  or  mingled  with  humns 
material;  such  areas,  however,  are  comparatively  small  and  are  eon- 
lined  to  the  vicinity  of  the  river,  where  they  are  annually  or  occasion- 
ally overflowed.  The  surface  material  on  the  uplands  bordering  the 
streams  and  extending  over  the  adjacent  plains  and  neighboring  hills, 
is  light-colored  pumice,  almost  entirely  without  humus.  Water  con- 
ducted upon  such  land  would  almost  innnediately  disappear  beneath 
the  surface.  This  absence  of  soil  is  thought  by  many  persons  famil- 
iar with   the   region   to  demonstrate   the   impracticability   of   ever 
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reclaiming  the  land  for  farming  purposes;  others,  however,  equally 
well  acquainted  with  the  conditions,  do  not  consider  the  problem  so 
discouraging. 

The  reason  for  the  absence  of  soil  is  not  difficult  to  determine. 
The  region  is  clothed  with  trees,  but  over  extensive  areas  the  primi- 
tive forest  has  been  burned,  and  what  are  termed  scrub  pines  have 
taken  its  place.  The  porous  surface  material  dries  each  summer  and 
the  litter  of  the  forest  then  becomes  highly  inflammable,  and  firas 
sweep  over  the  land,  destroying  all  the  vegetable  debris  resting  on  it, 
and  frequently  burning  the  trees  as  well.  This  process  has  gone  on 
year  after  year,  in  some  portions  of  the  region  for  an  indefinite 
period,  and  no  vegetable  matter  has  been  left  for  the  formation  of 
soil  except  in  the  low  and  usually  wet  grounds.  If  the  land  is  to  be 
reclaimed,  evidently  the  first  step  is  to  stop  the  fires  that  now  annu- 
ally occur.  When  this  is  done  a  soil  will  begin  to  form,  and  by 
degrees  forage  plants  will  take  root  where  now  there  is  only  bare 
pumiceous  lapilli. 

On  small  areas  of  the  pumiceous  land  where  irrigation  has  been 
practiced  soil  has  gradually  been  formed  and  favorable  crops  ob- 
tained. The  success  of  these  attempts  is  such  as  to  favor  the  conclu- 
sion that  by  skillful  agriculture,  special  care  being  taken  to  supply 
vegetable  matter  to  the  ground,  good  returns  can  be  had  by  irrigating 
the  open,  porous,  pumiceous  lands.  In  the  nearly  level  region  adja- 
cent to  Deschutes  River  above  Benham  Falls  water  can  be  had  in 
wells  that  are  only  8  or  10  feet  deep  even  in  summer,  and  springs  are 
common  along  the  border  of  stream  channels.  Thus  the  water  table 
is  near  the  surface.  The  springs  are  clear  on  account  of  the  filtering 
their  waters  received  while  percolating  through  the  surface  layer  of 
pumice.  Their  temperatures  are  low,  approximately  50°  F.,  or  about 
the  mean  annual  temperature  of  the  region.  The  presence  of  cold 
water  at  a  small  depth  below  the  surface  is  detrimental  to  agriculture, 
as  is  also  the  prevalence  of  frosts  during  practically  every  month  of 
the  year.  Thus  in  several  ways  the  agricultural  possibilities  of  the 
region  in  question  are  confined  within  narrow  limits. 

The  most  that  can  seemingly  be  hoped  for  in  the  southern  portion 
of  the  Deschutes  basin  is  that  its  forest  will  \ye  utilized  and  scientific 
forestry  practiced  on  all  of  the  region  that  can  not  be  irrigated,  and 
that  where  water  can  be  had  dairy  farming  and  stock  raising  will 
be  practicable. 

GliACIERS. 

During  the  journey  which  furnished  the  basis  for  this  report  many 
commanding  summits  were  reached  which  furnished  admirable  views 
of  the  east  side  of  the  Cascade  Mountains.  From  such  distant  ob- 
servations, supplemented  by  a  visit  to  the  Three  Sisters  peaks,  some 


124      GEOLOUY  AND  WATER  BESOITBPES,  CENTRAL  OREUON.Ii""-!-.  2118. 

data  which  seem  worth  recording  were  obtained  relative  to  the  small 
glaciers  present  about  the  higher  summits. 

EXISTING  GLACIERS. 

From  various  jwints  of  i-iew  the  higher  peaks  of  the  Cascade 
Mountains  were  in  sight  from  Mount  Adams  at  the  north  to  beyond 
Mount  Pitt  at  the  south,  a  distance  in  a  straight  line  of  over  250 
miles.  In  this  interval,  in  their  order  from  the  north  southward,  ri» 
Mount  Hood,  Mount  Joiferson,  the  Tlirtv  Sisters  peaks,  Bachcltff 
Mountain,  and  Diamond  Peak,  each  at  which  has  one  or  more  ^mall 
glaciers  on  its  sides.  There  are  other  jx-aks  which  are  white  with 
snow  in  late  summer,  but  m  far  as  could  lie  seen  from  tht*  eastward 
are  without  glaciers. 

Mount  Adams  and  Mount  Hood,  as  is  well  known,  have  several' 
glaciers  about  their  higher  slopes,  but  tliose  were  too  distant  from  the 
points  of  view  occupied  during  the  reconnaissance  to  he  rPcognize<l. 

GLACIERS  OF    MOUNT   JEFFKReOH. 

Mount  Jefferson  is  one  of  the  finest  and  perhaps  the  most  benuti- 
fid  of  all  the  individual  mountain  peaks  in  Oregon.  Standing  as  an 
immense  white  pyramid  on  the  summit  of  the  generally  forrwt- 
covercKl  Cascade  Mountains,  it  attains  a  height  of  about  lO.SSO  feet. 
The  portion  of  the  mountain  rising  above  the  upper  limit  of  tree 
growth  is  deeply  sculptured  and  illustrates  an  advanced  stage  in 
the  erosion  of  a  volcanic  cone.  To  the  northeast  and  to  the  north- 
west of  its  sharp  i^uinmit  arc  deep  amphitheaters,  each  of  which  con- 
tains a  small  glaciei-.  The  one  on  the  southwest  side  of  the  moun- 
tain is  several  hundred  feet  lower,  vertically,  than  its  companion  and 
is  separated  from  it  by  a  prominent  clitT  facing  southward.  The  nfivfi 
fields  of  the  northeast  glacier  extend  about  the  northern  side  of  the 
peaks  and,  as  may  be  exjiected,  coalesce  with  the  gathering  grounds 
of  another  glacier  on  that  side.  Tlie  glaciers  mentioned  above  are 
intersecte<l  by  blue  crevasses,  reveal  a  well-marked  line  between  gla- 
cier proper  and  neve,  and  have  marginal  moraines  about  their  bor- 
ders which  unite  to  form  terminal  moraines  at  their  pointed  di>JtaI 
ends.  On  the  1st  of  September  snow  banks  still  existed  below  the 
glaciers  and  in  the  upper  portion  of  the  adjacent  forest.  So  far  as 
could  be  determined  from  a  distance  the  glaciers  reveal  no  evidence 
of  recent  recession, 

OLACIERS   OF   THE  THRKE   aiSTERS. 

Location  an^  size  of  the.  ffIaciern.—Thi>  three  sharp  pyramidal 
peaks  known  as  the  Three  Sisters,  which  rise  from  the  crest  of  the 
Cascade  Mountains  in  west-cetitral  Oregon  attain  in  each  instance  an 
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elevation  of  approximately  10^50  feet  above  the  sea.  The  three  peaks 
occupy  the  angles  of  a  triangular  space  which  has  been  excavated  so 
as  to  form  a  great  amphitheater  opening  east.  This  depression, 
which,  measured  from  North  to  South  Sister,  is  by  estimate  about  5 
miles  across,  was  formerly  occupied  by  a  large  glacier  which  flowed 
eastward  down  the  slope  of  the  mountains  for  a  distance  of  at  least 
10  miles  and  for  an  as  yet  unknown  distance  beyond.  This  glacier, 
on  retreating,  left  massive  moraines,  which  are  conspicuous  from 
certain  points  of  view,  although  to  a  great  extent  obscured  by  the 
forest  that  covers  them.  The  old  glacier  was  formed  by  the  union 
of  several  tributaries,  and  as  it  melted  and  withdrew  within  the  am- 
phitheater, where  its  supplying  snow  fields  lay,  it  became  dissected 
into  several  smaller  glaciers,  each  of  which  left  well-defined  lateral 
and  terminal  moraines. 

Within  the  amphitheater  and  well  up  on  its  sides  there  are  at  pres- 
ent four  small  glaciers — one  between  North  and  West  sisters,  one  on 
the  southeast  slope  of  West  Sister  but  in  its  neve  portion  confluent 
with  the  one  on  the  north  face  of  South  Sister,  and  one  on  the  north 
side  of  Broken  Top,  a  rugged  peak  adjacent  to  South  Sister  Peak  on 
the  southeast.  The  general  appearance  of  these  glaciers  is  shown  on 
Pis.  XIX  and  XX. 

There  are  also  two  glaciers,  much  smaller  than  those  situated  in 
the  amphitheater,  on  the  northeast  side  of  North  Sister  Peak,  just 
above  the  upper  limit  of  the  encircling  forest.  These  glaciers  are 
walled  in  on  the  lower  margins  by  sharp-crested  moraines,  which  rise 
somewhat  higher  than  the  ice  they  inclose,  thus  indicating  a  recent 
lowering  of  its  surface.  When  viewed  from  the  southeast.  South 
Sister  Peak  is  seen  to  have  a  long,  narrow  glacier  of  considerable  size 
on  its  southeast  side,  which  terminates  at  the  forest  line,  and  is  not 
as  extensive  as  the  one  on  the  north  slope  of  the  same  peak. 

All  of  the  glaciers  mentioned  above  are  on  the  east  side  of  the  crest 
line  of  the  Cascade  Mountains,  and  the  water  supplied  by  their  melt- 
ing flows  to  Deschutes  River ;  as  to  the  snow  and  ice  conditions  on 
the  west  side  of  these  peaks  I  am  not  informed. 

The  glacier  between  North  and  West  Sister  peaks  (PL  XIX,  i?), 
here  named  Hayden  Glacier,®  is  by  estimate  about  1  mile  long,  and 
somewhat  less  in  width  in  its  broadest  or  neve  portion.  At  the  time  of 
my  visit,  August  16,  1903,  the  dividing  line  betweeji  the  hard,  blue, 
dirt-stained  ice  of  the  glacier  proper  and  the  clean  white  snow  of  the 
neve  was  sharply  defined,  as  may  be  seen  on  PL  XXI.  As  stated 
above,  the  neve  of  this  glacier  is  confluent  with  the  neve  of  Diller 
Glacier,^  adjacent  to  it  on  the  south.  The  two  glaciers  separate  at  a 
prominent  rocky  crag  (PL  XIX,  B)  about  1,000  feet  east  of  the  upper 


«  Named  for  Lieut.  E.  E.  Hayden.  U.  S.  N. 

*  Named  for  J.  S.  Diller,  geologist,  U.  S.  Geol.  Survey,  who  has  carried  on  extensiye 
geologic  surveys  in  western  Oregon. 
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iiiargiii  of  the  iipvo  wheiti  it  meotw  the  biise  of  We-st.  Sister  Peak. 
From  this  vrng  a  wt'Il-dcfined  lateral  momine  extends  along  the  mar- 
gin of  each  glacier.  These  moraiues  are  well  shown  on  the  illustra- 
tion just  referred  to,  and  other  characteristic  glacier  features  tim 
iUiist rated  hy  this  and  other  accompanying  photographs. 

Recent  shrinkage  of  gluciers. — The  si)efiai  features  of  interest  con- 
cerning Ilayden  Glacier  ai-e  the  evidences  of  recent  shrinkage,  certain 
*'  glacier  cornices  "present  on  the  wall  of  a  crevasse  near  its  source, 
and  a  pccidiar  ridge  of  stream-deposited  gravel  on  the  lower  portion 
of  the  ice,  which  simulates  the  levees  deposited  by  alluvial  riverH.         ' 

The  right  lateral  moraine  of  Hayden  Glacier  is  steep  sided  and  has 
a  height  of  about  40  feet  above  the  ice  it  margins,  but  the  descent 
from  ita  crest  to  it«  southern  base  is  20  to  30  fEM?t  greater.  A  featur© 
of  the  moraine  which  at  once  attracted  attention  at  the  time  of  my 
visit  was  its  double  crest.  Tlie  southern  or  true  crest  of  the  ridge  was 
in  general  5  or  f!  feet  higher  than  the  adjacent  but  subordinate  ridge 
on  the  north  side,  which  was  separated  from  it  by  a  space  of  about  16 
to  20  feet,  there  being  a  steep-sided  trench  some  4  or  5  feel  <leep 
between  (PI.  XXII).  Near  (he  distal  end  of  the  double  ridge, 
however,  the  inner  or  northern  crest  was  higher  than  its  companion. 
The  explanation  of  the  double  crest  is  that  the  glacier  has  recently 
been  lowered  by  melting  about  40  feet,  but  its  marginal  portion,  cot-  ] 
ered  by  the  s-tones,  etc.,  of  its  Imrdering  moraine,  was  sheltered  from 
the  sun  on  account  of  the  debris  covering  it  and  remained  inclosed  in 
the  north  side  of  the  abandoned  moraine.  The  subsequent  melting  of 
the  buried  ice  produced  a  subsidence  of  the  north  side  of  the  ridge 
and  caused  a  depression  to  form  along  the  crest  of  the  ice  inclosing 
it.  As  melting  progresses  the  subordinate  ridge  on  the  north  side 
of  the  true  crest  of  the  moraine  will  migrate  down  the  slope  of  the 
ridge  and  finally  disappear  when  the  ice  within  the  moraine  is  com- 
pletely melted.  The  presence  of  ice  in  the  moraine,  as  just  de- 
scribed, is  evidence  of  recent  and  rapid  melting,  and  is  one  of  the 
most  signi6cant  records  of  such  a  change  that  has  come  under  my 
notice.  The  statement  just  made  in  reference  to  the  recency  of  the 
subsidence  of  the  general  surface  of  Hayden  Glacier  in  all  of  its 
lower  portion,  where  not  thickly  covered  with  debris,  is  forcibly 
illustrated  by  the  fact  that  when  viewing  the  right  lateral  moraine 
from  the  south  a  few  fragments  of  ice  can  still  be  seen  projecting 
above  its  crest  at  a  lo^'ality  about  one-third  of  the  way  from  its  distal 
and  toward  its  source.  The  appearance  of  the  recently  abandoned 
northern  slope  of  the  moraine  under  consideration  is  shown  on 
PI.  XXIII,  B. 

Below  the  pi-e.scnt  terminus  of  Ilayden  Glacier  there  are  fresh 
terminal  moraines  abandoned  so  recently  that  trees  have  not  as  yet 
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taken  root  upon  them,  but  they  are  less  fresh  in  appearance  than  the 
totally  bare  double-crested  lateral  moraine  described  above. 

In  connection  with  the  evidences  of  recent  and  conspicuous  retreat 
in  the  case  of  Hay  den  Glacier  it  may  be  stated  that  its  companion, 
Diller  Glacier,  which  flows  southwestward  from  the  West  Sister  Peak, 
is  margined  by  a  fresh,  sharp-crested  moraine  from  which  the  ice 
has  recently  subsided  at  least  30  or  40  feet.  This  feature  may  be 
recognized  to  the  left  of  the  cetiter  on  PL  XIX,  B,  In  the  case  of 
each  of  these  glaciers  the  evidence  noted  indicates  a  recent  lowering 
of  their  surfaces  much  more  conspicuously  than  it  does  a  decrease  in 
their  length. 

Glacier  cornices, — ^Near  the  head  of  Hayden  Glacier  there  was  at 
the  time  of  my  visit  a  crevasse  of  the  class  termed  bergschnmds,  a 
part  of  the  lower  wall  of  which  had  fallen,  leaving  its  opposite  wall 
fully  exposed  to  the  sun  until  noon,  when  it  became  shadowed  and 
melting  on  its  face  ceased.  This  cliff  of  ice,  or  rather  of  granular 
neve  snow,  was  about  26  feet  high.  In  its  face  were  exposed  the  edges 
of  thick  sheets  of  clear,  stratified,  granular  snow,  between  which 
there  were  dirt  bands  ranging  in  thickness  from  a  fraction  of  an 
inch  to  3  or  4  inches.     A  view  of  it  is  shown  on  PI.  XXIV. 

On  the  central  part  of  the  precipice,  where  fully  exposed  to  the 
sun  until  noon  each  day,  were  two  conspicuous  cornices,  which 
projected  in  each  instance  from  6  to  7  inches  beyond  the  surface 
below  them.  The  under  surfaces  of  the  projecting  beds  where 
exposed  were  slightly  fluted  at  right  angles  to  their  length,  but 
this  feature  was  not  conspicuous.  The  precipice  at  its  north  end 
passed  under  an  arch  of  snow,  which  formed  the  roof  of  a  cavern. 
In  the  portion  thus  sheltered  from  the  sun  there  was  no  jutting 
above  the  lower  of  the  two  principal  dirt  banks,  which  was  the  only 
one  extending  into  the  cavern.  Near  the  south  end  of  the  precipice, 
but  not  shown  on  the  picture,  the  dirt  bands  were  bent  abruptly 
upward  and  become  vertical  near  where  the  neve  joined  the  steep  face 
of  the  mountain.  In  this  portion  of  the  precipice,  which  was  fully 
exposed  to  the  sky,  melting  was  equal  on  each  side  of  the  dirt  bands, 
and  these  appeared  as  black  streaks  in  the  bottom  of  vertical  V-shaped 
grooves  5  to  6  inches  deep. 

In  the  instances  described  above  it  is  evident  that  the  cornices  are 
due  to  the  more  rapid  melting  of  the  layer  of  snow  below  a  dirt 
band  than  of  the  layer  above  it.  The  evidence  sustaining  this  con- 
clusion is,  briefly,  that  when  a  horizontal  dirt  band  is  traced  from 
w^here  it  is  exposed  to  the  sun,  and  has  a  cornice  above  it,  into  a 
cavern,  where  the  sun's  rays  do  not  exert  a  direct  influence,  the  cor- 
nice disapi)ears;  and  when  followed  to  where  it  is  vertical  and  fully 
exposed  to  the  sky,  melting  is  equal  on  each  side. 
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The  more  rapid  melting  of  the  snow  below  than  abovp  a  borizoiitat 
dirt  band  is  evidently  due  to  the  absorption  of  the  sun's  heat  hy  the 
dark  material,  as  it  is  dislodged  and  washed  downward  so  as  to 
slightly  stain  the  surfsi-w  boiiealh.  The  dirt  t.'xertM  this  iuflucitce 
during  its  passage  over  the  surface  of  the  exposed  edges  of  the  layera 
of  clear  snow  in  the  face  of  the  precipice. 

In  addition  to  the  direct  evidence  just  presonted,  favoring  Ibe 
hypothe-sis  of  differential  melting  to  account,  for  the  development  of 
cornices,  indirect  testimony  iii  opposition  to  the  alteraative  hypotli©- 
.sis  of  differential  motion  is  furnished  by  the  fact  that  the  distanoa 
from  the  U^rgschrund  to  the  head  of  the  neve,  where  it  meets  tha 
steep  upward  slope  of  the  mountain,  ranges  from  50  to  200  feet, 
and,  as  is  probable,  tliere  is  practically  no  motion  in  the  wedge  at 
snow  thus  left  clinging  to  the  rocks. 

Glacial  levees. — At  the  lower  end  of  Hayden  Glacier  there  was, 
at  the  timo  of  my  visit,  an  interesting  exliiliition  nf  st ream- depOKi led 
gravel,  of  the  nature  of  the  well-known  glacier  sand  cones,  n-Kting^ 
on  ice  and  deeply  trenched  by  the  stream  that  di'ixisited  it.  In  thia_ 
instance  gravel  was  ileposited  on  the  ic*i  to  a  depth  of  8  to  l:i  iiichtM, 
and  for  a  distance  of  approximately  150  feet  the  breadth  of  the 
deposit  waK  15  or  20  feet.  The  sheet  of  grawl  sheltered  the  ice 
beneath  and  retarded  its  melting,  so  that  it  was  left  in  relief  at;  tJi^ 
adjacent  surface  of  clear  ice  wasted  away,  hut  the  stream  which 
deposited  the  gravel  held  its  position  and  caused  a  channel  to  be 
melted  out  along  the  crest  of  the  ridge,  down  which  it  continued  to 
flow  as  a  small  torrent  during  the  hours  of  melting  each  day.  The 
stream  was  thus  flowing  in  a  trench  in  the  top  of  a  gravel  ridge  at 
an  elevation  of  3  or  4  feet  above  the  general  level  of  the  surroHnding 
ice,  and  resembled  an  alluvial  stream  which  has  fonned  natural 
levees  along  its  sides.  This  analogy  in  conditions  suggest*  the  term 
glacier  levees  for  raise<l  gravel  ridges  margining  the  stream  flowing 
over  glaciers,  like  those  sliown  on  the  accompanying  illustration. 

The  facta  here  recorded  concerning  the  recent  lowering  of  the 
surface  in  the  case  of  two  of  the  glaciers  about  the  Three  Sisters 
peaks,  the  explanation  of  the  origin  of  the  glacier  cornices  described, 
and  the  gravel  ridges  which  simulate  the  natural  levees  of  alluvial 
rivers,  are  matters  of  interest  to  special  students  of  glaciers,  but  are 
by  no  means  all  of  the  instructive  featui-es  pi-esented  by  the  glaciers 
under  consideration.  The  Three  Sisters  peaks,  in  fact,  furnish  con- 
spicuous examples  of  nearly  all  the  characteristic  features  of  alpine 
glaciers  and  of  the  topographic  changes  such  glaciers  produce,  but 
to  describe  them  in  detail  would  lead  to  much  repetition  of  what  is 
already  to  be  found  in  books  descriptive  of  glaciers  in  general."     The 
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Three  Sisters  peaks  are  also  attractive  on  account  of  the  admirable 
manner  in  which  they  illustrate  an  advanced  stage  in  the  erosion  of 
volcanic  cones,  as  well  as  for  their  fine  scenery,  and  furnish  a  most 
inviting  field  for  a  summer  school  of  geography,  geology,  and  forestry. 

FORMER  GLACIERS. 

As  is  well  known,  the  mountains  in  the  western  portion  of  the 
ITnited  States  were  formerly  much  more  extensively  occupied  by 
glaciers  than  at  present.  Studies  in  this  direction  have  been  made 
in  the  Sierra  Nevada  and  in  the  portion  of  the  Cascade  Mountains 
which  crosses  the  State  of  Washington,  but  in  Oregon  very  little  has 
been  done  in  the  way  of  recording  the  data  pertaining  to  the  former 
glaciers  that  covered  them,  and  scarcely  anything  is  known,  particu- 
larly in  reference  to  the  glaciers  that  descended  the  east  slopes  of  the 
range.  It  is  on  account  of  the  almost  total  lack  of  information. con- 
cerning the  glacial  records  in  Oregon  to  the  east  of  the  crest  line  of 
the  Cascade  Mountains  that  attention  is  here  directed  to  the  few 
isolated  observations  in  that  connection  obtained  during  the  recent 
journey. 

RECORDS   OF   GLACIERS. 

• 

The  amphitheater  on  the  sides  of  the  culminating  pyramid  of 
Mount  Jefferson,  although  seen  only  from  a  distance,  is  evidently  due 
in  large  part  to  glacial  erosion,  and  beai*s  evidence  of  a  former  much 
greater  extension  of  glacial  ice  about  that  superb  mountain  than  is 
at  present  the  case. 

The  presence  of  strong  moraines,  both  lateral  and  terminal,  on  the 
east  side  of  the  Three  Sisters  peaks  has  already  been  mentioned. 
These  moraines  show  that  the  great  amphitheater  opening  eastward, 
on  the  rim  of  which  the  peaks  just  mentioned,  together  with  Broken 
Top,  are  situated,  was  formerly  occupied  by  an  extensive  neve,  from 
which  a  large  glacier  flowed  eastward  for  at  least  10  miles.  This 
glacier  probably  reached  the  site  of  the  v^illage  known  as  Sisters, 
but  its  maximum  extension  is  as  yet  unknown. 

Other  glacial  records,  as  already  noted,  occur  on  the  east  side  of 
Diamond  Peak,  and  show  that  larger  alpine  glaciers  formerly  occu- 
pied the  basins  of  Odell  and  Crescent  lakes.  Still  farther  south,  as 
has  been  recorded  by  J.  S.  Diller  and  others,  extensive  glaciers  occu- 
pied the  region  about  Mount  Mazama.  This  region  was  traversed 
by  me  during  my  recent  journey,  and  evidences  of  more  extensive 
glaciation  obtained  than  have  previously  been  recorded.  Between 
the  Klamath  marshes  and  the  valley  of  the  Klamath  lakes  there  is 
a  moraine-covered  region  about  10  miles  broad  which  exhibit.s  the 
well-known   topographic   characteristics   of  glacial   deposits.     This 
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tnily  gn^ftt  niornino  slnvts  from  the  elevated  repon  Ijetween  Mount 
Scott  mid  Mount  Mastama,  extpiids  at  least  15  miles  to  the  southeast, 
and  forms  the  Ixild  eastern  margin  of  Klnmath  Valley  in  the  vicinity  « 
of  Fort  Klamath.     The  moraine  obstructs  the  drainage  of  the  region  1 
nbrnit  the  Klamath  marshes  and  forms  a  dam  through  which  Wil- 
liamson River  has  cut  a  steep-sided  gorge,     Oiily  a  cursory  examina-  J 
tiou  of  this  extensive  region  of  glaciation  was  obtained,  hut  from  the  1 
observations  made  it  is  evident  that  Ivlamath  Valley  was  formerly  "J 
occiiiiiwl  by  a.  great  ghicier  having  several  imiwrtanl  tribntary  ice-fl 
streams  on  the  mountains  from  which  it  flowed.     How  far  to  the  1 
Boutheoiit  the  glacier  extended  is  unknown,  but  it  evidently  occupied  I 
a  part  and  possibly  tho  whole  of  the  basin  in  which  the  Klnmath 
lakes  are  sitnated. 

KXTENT    llr    F(JRMf:H    (JI.ACIEKS. 

The  ol)scrvations  relative  to  the  glaciatioii  of  the  Cascade  Moun- 
tains, just  mentitmed.  although  few  and  fragmeutarj'.  taken  in  con- 
nection with  ei-idences  of  glaciation  revealed  by  the  topography  of 
the  higher  jmrtion  of  the  range  as  seen  from  the  east,  and  other 
related  evidem-e.  shows  that  during  a  former  period,  which  c-aii  bo 
safely  cori'eJated  with  the  Giiicial  epoch,  great  snow  fields  covered' 
the  summit  portion  of  the  Caecade  Mountains  throughout  thoir  entire 
extent  across  Oregon,  and  frnin  this  ncvd  region  large  alpine  glacier* 
flowed  fastwiinl  down  Iho  in-iiiiitiniis.  (;hi<>i.T>  ;ils.>  ...viuTK'd  on  the 
west  side  of  the  range,  but  no  new  facts  concerning  them  can  l>e  pre- 
Kented  at  this  time.  The  conditions  were  of  the  same  general  char- 
acter II  ■  existed  on  the  Cascade  Mountains  in  Washington,"  but  the 
eastward -flowing  ice  streams  were  seemingly  less  extensive.  An 
instructive  suggestion  in  reference  to  the  glaciers  on  the  east  side  of 
the  Cascade  Monntains  in  Oregon  is  fnmidied  by  the  fact  that  in  the 
southern  portion  of  the  State,  in  the  vicinity  of  Mounts  Scott  and 
Mazama,  the  eastwaixl-flowing  glaciers  are  larger  and  of  greater 
length  than  farther  north  in  the  vicinity  of  the  Three  Sisters  peaks 
and  Mount  Jefferson.  If  this  conclusion  is  sustained  by  future 
studies,  an  explanation  of  it  will  i>erhaps  l)e  suggested  by  comparing 
the  pi-csent  climatic  conditions  of  the  two  regions. 

A  conspicuous  feature  of  the  topofiinpliy  of  the  higher  [^aks  of  the 
Cahcade  Range  is  the  presence  of  a  terrace-like  shelf  or  shoulder 
iilfout  several  of  them  at  an  elevation  of  nlwut  .S.OdO  feet  and  approxi- 
mately coinciding  with  the  cold  tz-ee-iiue  and  also  with  the  lower  limit 
of  the  existing  glaciers.  A  Hallening  of  the  miinnlain  side  in  the 
manner  just  referred  to,  is  n  noticeable  feature  of  Jlouut  JeiFerson, 
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and  of  South  Sister  Peak  (see  PL  XIX,.l),  as  well  as  s(?veral  other  of 
the  higher  summits.  The  explanation  of  the  origin  of  the  shoulders 
seems  to  be  that  during  some  former  time,  when  the  conditions  for  the 
formation  of  glaciers  were  more  favorable  than  now, "  mountain-side 
glaciers  "  were  formed  about  the  higher  peaks  and  descended  tlieir 
sides  to  where  the  lower  margins  of  the  shoulder's  are  located,  and  by 
headward  extension  excavated  depressions  for  themselves.  \Mien  a 
peak  was  entirely  surrounded  by  neve  fields,  a  flattening  of  the  sloj>es 
of  the  mountain  resulted  and  was  left  as  a  topographic  feature  when 
the  glaciers  melted;  when  the  neve  lields  were  local  individual  re(*esses 
or  cirques  were  produced,  and  when  a  more  advanced  stage  of 
glacier  work  was  reached  '*  hanging  valleys  •'  were  excavated.  The 
existing  glaciers  of  the  Cascade  Mountains  in  Oregon  are,  at  least  in  a 
general  way,  situated  on  the  shouldei*s  referred  to  and  seem  to  be 
broadening  them  by  reason  of  their  headward  extension. 

In  connection  with  the  former  great  extent  of  the  glaciers  of  the 
Cascade  Mountains,  an  instructive  fact  is  furnished  by  the  presence 
of  extensive  moraines  on  Mount  Newberrv,  a  brief  account  of  which 
has  already  been  given.  So  far  as  is  at  present  known  this  small  iso- 
lated center  of  glacial  disi>ersion,  and  a  similar  area  of  glacial  ice  on 
Steins  Mountains,  in  southeast  Oregon,  were  the  only  glaciers  in  the 
central  and  eastern  portions  of  the  State  during  the  Cilacial  epoch. 
Mount  Newberry  is  about  40  and  Steins  Mountains  are  approximately 
175  miles  east  of  the  crest  of  the  Cascade  Mountains. 

liAPILIil   8IIF.KT. 

EXTENT   AND   DEPTH. 

On  the  preceding  pages  several  references  have  been  made  to  a  sur- 
face covering  of  pumiceous  lapilli  which  is  widely  distributed  over 
west-central  Oregon.  This  sheet  of  loose*,  unconsolidated  fragments 
of  pumice  was  first  clearly  recognized  during  my  recent  journey  on 
the  (ireat  Sandy  Desert  to  the  south  of  Hampton  Butte..  It  was  also 
obs(Tved  at  nianv  localities  alx>ut  the  Pauline  Mountains  and  in  the 
vicinitv  of  Christmas  Lake,  where  it  has  been  drifted  bv  the  wind 

ft  • 

into  extensive  dunes.  It  is  prescMit  in  large  quantities  about  Mount 
Newberry,  occurs  on  the  moraine  about  the  Three  Sisters  peaks,  covers 
deeply  the  region  drained  by  Deschutes  Kiver  above  Benham  Falls,  is 
present  in  the  moraines  about  Odell  and  Crescent  lakes,  is  everywhere 
conspicuous  on  the  flat  country  about  tlie  Klamath  mai'shes,  forms  a 
part  of  the  extensive  moraines  adjacent  to  Klamath  Valley  on  the  east, 
occurs  on  the  slopes  and  occupies  the  gulches  about  Mounts  Scott  and 
Mazama,  as  has  been  descril>ed  bv  J.  S.  Diller,  and  southwest  of  Cra- 
ter  Lake  extends  for  at  least  30  miles  west  of  the  crest  of  the  Cascade 
Mountains.     Its  known  extent  is  thus  about  120  miles  from  east  to 


132     (iKOLOCY   AND  W'ATKR  RESdURCKS,   I'ENTRAL  ORKGON.  [ml-J,.  1*511. 

west  Qiid  ail  equal  distance  from  north  to  south,  or  an  area  of  14.000 
square  miles.  Us  adual  bonU'rs  whi-ti  liimlly  determined  will,  there 
is  no  doubt,  Ik  found  much  to  exceed  these  liiiiii»<. 

The  depth  of  the  sheet  of  puiiiice  varies  frtini  place  to  plac*.  anil  in 
only  a  few  localities  is  itji  actual  thickness  known,  Itsdepth  is  prob- 
jibly  greatest  in  the  valleys  and  least  on  the  slei^p  rtlojx's.  Although, 
like  a  fall  of  snow,  it  originally  fell  evenly  over  the  surface,  though 
more  abundantly  and  in  larger  fragments  near  the  volcuiiuc^  from 
which  it  came  than  at  a  distance,  it  has  since  been  washed  down  from 
inclined  surfaces  and  concentrated  in  depressions.  On  the  (In-at 
.Sandy  Desert  excavations  70  feet  deep  are  said  to  have  failed  to  pass 
through  it.  In  the  generally  flat  country  drained  by  the  Deschutes 
abo%'e  Benham  Falls  excavations  ijhow  it^  minimum  depth  to  be  from 
fi  to  8  feet,  but  in  many  places  and  over  large  areas  it  is  much  thicker. 
In  the  extensive  region  north  of  the  Klamath  murHhes  and  draining' 
to  them,  the  banks  of  stn^ams  and  bluffs  above  copious  springs  in 
several  places  reveal  a  Ihieknes^  of  30  to  40  feet  or  more  of  pumii-e,  the 
bottom  of  the  deposit  being  «till  concealed.  In  describing  the  slii?rt 
of  pumice  atwut  Crater  Lake,  Diller "  mentions  n  thickness  of  10  feet. 
While  conspicuous  variation  in  thicknesK  occurs  and  no  average  depth 
can  as  yet  be  stated,  the  above-mentioned  facts  show  that  the  voliim©' 
of  the  deposit  is  rery  great,  so  greiil  in  fad  that  it  is  to  be  measured 
in  tens  of  cubic  miles. 

COMPOSITION,  SOURCE,  AND  AGE  OF  LAPILLI  SHEET. 

The  sheet  of  pumice  jti.st  descril>ed  is  conipo^-d  of  rough  angular 
fragments,  which  on  the  Great  Sandy  Desert  range  in  size  from  dust 
particles  up  to  grains  that  are  almut  one-fourth  or  iwrlmps  one-lialf 
of  an  inch  in  diameter.  It  is  much  coarser  about  Mount  Xewljerry. 
where  fragments  a  foot  in  diameter  were  seen,  but  so  far  as  now 
known  the  fragments  are  largest  on  the  flat  country  adjacent  to  the 
Klamath  marshes  on  the  west,  where  angular  masses  more  than  2 
feet  in  diameter  are  common.  The  pumice,  as  shown  by  determina- 
tions made  by  F.  C.  Calkins,  of  the  United  States  (ieological  Survey, 
of  samples  collected  on  the  Great  Sandy  Desert,  on  Blount  Newljerry, 
and  near  the  Klamath  marshes,  is  andesitc.  Al)oiit  Crater  Lake  the 
>urface  ^llcet  of  pumice  is  described  by  .J.  S,  Diller  as  Ijeing  pi'inci- 
pally  dacite,  with  less  quantities  of  andesite.  The  observations  avail- 
able are  too  few  to  permit  a  Hnal  statement,  but  the  facts  in  hand  seem 
to  indicate  that  the  sheet  of  |>umice  under  CDiisideration  is  tolerably 
uniform  in  character  and  composed  ])rincipally  of  andesite. 

As  lo  ihe  location  of  the  volcanoes  from  which  the  pumice  was 

"Iiilltr,  J.  K.,  iirid  riitt.ii..  II.  U..  CwIoej"  iincl  in'lrc>crii|>liy  of  Criiter  l.nkc  NnUomil 
Turk:   rn.f.  l'o|ier  I'.  S.  Ueol,  Survey  N...  ;i,   imtJ.  pj).  :HI-11. 
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blown  into  the  air  and  widely  distributed,  for  the  most  part  only  ten- 
tative suggestion  can  at  present  l)e  offered.  In  part  it  came  from  the 
recent  volcanoes,  five  in  number,  situated  in  the  old  erosion  amphi- 
theater of  Mount  Newberry.  This  conclusion  is  based  on  the  fact 
that  the  crater  rims  of  those  volcanoes  are  largely  composed  of  ando- 
sitic  pumice,  and  large  fragments  of  the  same  nature  are  abundant  all 
about  the  region  where  they  occur.  This  was  probably  not  the  only 
center  of  dispersion,  how^ever,  as  the  fragments  of  pumice  are  still 
larger  and  more  abundant  in  the  region  draining  to  the  Klamath 
marshes,  and,  as  stated  by  Diller,  were  supplied  at  least  in  part  by 
eruptions  in  the  great  depression  now  occupied  by  Crater  Lake. 

In  reference  to  the  date  of  the  explosive  volcanic  eruptions  that 
supplied  such  vast  quantities  of  pumice,  the  fact  that  this  material 
forms  a  large  percentage  of  the  glacial  moraines  on  Mount  New^berry, 
the  Three  Sisters  peaks,  and  about  Odell  and  Crescent  lakes,  shows 
that  the  eruption  occurred  previous  to  or  during  the  Glacial  epoch. 
The  moraines  about  Mount  Newberry  and  near  the  lakes  just  men- 
tioned are  covered  with  pumice,  showing  that  at  least  in  part  the 
eruptions  which  furnished  it  were  of  later  date  than  the  glaciers 
which  deposited  the  moraines.  This  last  conclusion  is  sustained  also 
by  the  fact  that  the  recent  lapilli  craters  in  the  old  erosion  amphi- 
theater of  Mount  Newberry  and  the  lava  flows  given  out  by  them  are 
clearly  subsequent  to  the  time  when  that  depression  w^as  filled  with 
glacial  ice.  According  to  Diller  the  eruptions  of  pumice  about  Crater 
Lake  occurred  during  and  after  the  time  the  region  about  it  was 
occupied  by  glaciers. 

IMPORTANCE  OF  LAPILLI  SHEET. 

The  sheet  of  pumice  that  covers  so  much  of  central  and  western 
Oregon  is  thus  of  much  scientific  interest,  and  when  its  historj'  is 
fully  known  will  furnish  a  most  instructive  chapter  in  the  geologic 
records  of  the  State.  It  is  also  of  great  practical  importance,  since  it 
forms  the  surface  covering  over  thousands  of  square  miles,  and  has 
a  determining  influence  on  the  agricultural  possibilities  of  the  entire 
region  it  occupies. 
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geology  of 87-88 

Moraine  of  Hayden  Qlacier.  description 

of 126-127 

views  of,  plates  showing 126, 128 

Mount.    See  next  word  of  name. 

N. 

N4v6  fields,  views  of,  plates  showing 124, 128 

Newberry,  Mount,  amphitheater  of 99 

amphitheater  of,  views  in 96, 108 

craters  and  lava  flows  at 105-110 

geologic  history  of 97-98 

geology  of 98-99 

glaciatlon  at 108-105 

lakes  of 100-101 

water  resources  near 102-103 

North  Sister  Peak,  view  of 124 

O. 

Odell  Butte,  description  of 96 

view  of,  plate  showing 96 

Odell  Lake,  description  of 118-120 

gorge  at  outlet  of,  profile  of 119 

Ontario,  deposits  at 80 

Opal  Canyon,  views  of,  plates  showing 88 

water  flowing  in 88 

Opal   Spring,   Jointed    basalt   near,   plate 

showing 88 

Osmont,  V.  C,  on  John  Day  formation 60 

Owyhee  River,  irrigable  lands  on 35 


Paul  Butte.    See  Powell  Butte. 

Pauline  Creek,  course  and  character  of. .  101-102 

falls  on,  plates  showing 102 

Pauline  Lake,  description  of 100-101 

views  at  and  near,  plates  showing 98, 102 

Pauline   Mountains,  geology   and   topog- 
raphy of 76-77 

Payette  formation,  occurrence  and  char- 
acter of 29 

Peaks,  list  of 46 

Pelee.  Mount,  citations  on 108 

Pilot  Butte,  geology  of 95 

Plaeidia  Butte,  geology  of 47-49 

surface  features  near 24 

water  pocket  near 53 

Playa  Lake,  definition  of 41 

Pockets,  water,  occurrence  of 53, 67-68 

Powell  Butte,  geology  and  topography  of..  77-79 

Precipitation.    See  Rainfall. 

Price,  channels,  recently-eroaed,  near,  plate 

showing 62 

Price  Valley,  geology  and  topography  of ..  57-63 
Prineville,  section  at 84 

views  near,  plate  showing 82 


Page. 
Prineville  Valley,  geography  and  geology 

of 83-83 

water  resources  of 83-86 


R. 


Rainfall,  amount  and  distribution  of 20-21 

Rhyolite,  composition  and  character  of 27 

occurrence  of 32-33, 39 

Rhyolitic  lava,  concentric  Jointing  in,  platu 

showing 32 

Rhyolitic  tuff,  columnar  structure  in,  plate 

showing 56 

composition  and  character  of 27 

occurrence  of 82-33, 43-44, 45, 58, 78 

Rhyolitic  tuff.  Jointed,  plate  showing 60 

Riley,  hills  near 50 

Rivers.    See  Drainage. 


S. 


Saddle  Mountain  Butte,  geology  of 40 

Sagehen  Creek.    See  Little  Sagehen  Creek. 
Sedimentary  rocks,  occurrence  and  char- 
acter of 27 

Silver    Creek,    geology    and    topography 

along 45-46 

Silver  Creek  Meadows,  spring  at 50 

Silvies  River,  irrigation  possibilities  on 53 

rhyolitic  tuff  near 43-44 

Soil  of  Harney  Valley 43 

of  Haystack  country 91 

Soldiers  Cap,  butte  near 73 

South  Fork  of  Malheur  Valley,  geology  and 

topography  of 87-?8 

South  Sister  Peak,  views  of,  plates  show- 
ing    122,124 

Spheroidal  Jointing.    See  Concentric  Joint- 
ing. 

Springs,  flow  of,  method  of  increasing 54,66 

occurrence  of 18-19 

at  Button  Spring 69-70 

Hampton  Butte 65-67 

Silver  Creek  Meadows 50 

Springs,  warm,  iii  Qilchrist  Valley 55-56 

near  Saddle  Mountain  Butte 41 

Steins  Mountains,  origin  of 14 

Steptoe  Butte,  citation  on 78 

Stream  chan  nels,  abandoned,  occurrence  of .       17 

Stream  erosion.    See  Erosion. 

Streams.    See  Drainage. 

Symons,  T.  W.,  on  Davis  Lake 117 

T. 

Temperature,  range  in 21 

Tertiary  rocks,  occurrence  and  character  of.       28 

Three  Sisters,  glaciers  of 124-129 

Timl)er  lines,  elevations  of 26 

Topography,  description  of 13-16 

Tree  lines,  elevations  of 26 

Tuff,  rhyolitic,  columnar  structure  in,  plate 

showing 56 

composition  and  character  of 27 

Jointing  in,  plate  showing 60 

occurrence  and  character  of 32-33, 

43-14,45,58,78 
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LETTER    OF    TRANSMITTAL. 


Dbpartmbnt  of  the  Interior, 
United  States  Geological  Survey, 

Washingtony  D.  C,  November  i,  1904. 
Sir:  I  transmit  herewith,  for  publication  as  a  bulletin,  a  paper  by 
Messrs.  W.  F.  Hillebrand  and  E.  T.  Allen,  in  which  the  subject  of 
inquiry  is  the  accuracy  of  the  crucible  assay  method  for  telluride 
gold  ores. 

The  question  is  a  very  important  one  in  the  very  important  tellu- 
ride gold  fields,  and  it  is  satisfactory  to  be  assured  that  the  doubts 
which  have  been  entertained  as  to  the  accuracy  of  the  dry  method 
are  not  well  founded. 

While  this  main  point  is  definitely  established,  the  investigation  as 
a  whole  is  less  complete  than  most  of  those  which  are  issued  from  the 
Survey  laboratories,  and  several  problems  suggested  by  the  experi- 
ments are  not  fully  worked  out.  This  is  due  to  the  unfortunate  fact 
that  the  quarters  occupied  by  the  Survey  have  become  so  crowded  as 
to  make  it  necessary,  in  the  interest  of  other  divisions,  to  abandon 
assaying  altogether  and  to  dismount  the  assay  furnaces  before  this 
research  had  been  completed. 

Very  respectfully,  Georoe  F.  Becker, 

Geologist  in  CJiarge  Division  of 
CJieniical  and  Physical  Research, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Surrey. 
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COMPARISON  OF  A  WET  AND  CRUCIBLE-FIRE  METHODS  FOR 
THE  ASSAY  OF  GOLD  TELLURIDE  ORES,  WITH  NOTES  ON 
THE  ERRORS  OCCURRING  IN  THE  OPERATIONS  OF  FIRE 
ASSAY  AND  PARTING. 


By  W.  F.  HiLLBBRAND  and  E.  T.  Allbn. 


rNTRODUCTION. 

The  scorification  assay  for  telluride  ores  has  long  been  believed, 
and  apparently  proved,  to  give  low  results  by  reason  of  volatilization, 
and  it  is  now  seldom  used  for  ores  of  that  class.  The  assay  by  cruci- 
ble is  supposed  to  be  far  more  reliable,  and  Furman^  maintains  that 
it  is  entirely  so  when  properly  carried  out.  He  gives  a  very  few  com- 
parative determinations  by  fire  and  wet  assay  in  proof  of  his  asser- 
tion, but  the  tests  are  too  few  in  number  and  the  agreement  is  not  so 
close  as  might  be  desired.  A  more  critical  investigation  of  this  prob- 
lem seemed  to  promise  results  of  some  value  to  those  engaged  in 
mining  and  smelting  the  t-elluride  ores  which  are  so  important  in 
certain  parts  of  our  own  and  other  countries,  and  the  data  and  con- 
clusions set  forth  in  the  following  pages  are  the  outcome  of  experi- 
ments on  telluride  ores  from  Cripple  Creek,  Colo.  From  them  it 
will  be  seen  that  there  is  no  occasion  to  question  the  substantial 
accuracy  of  the  crucible  method,  as  tested  by  careful  determinations 
in  the  wet  way.  Incidentally  the  question  of  losses  of  gold  in  assay- 
ing, particularly  during  cupellation  and  pai*ting,  has  been  looked 
into,  for  concerning  these  points  the  most  contradictory  statements 
are  to  be  found  in  the  literature.  Only  after  most  of  the  work  upon 
the  ores  had  been  completed  was  this  fully  impressed  upon  us  and  the 
extent  of  some  of  these  losses  duly  appreciated.  Had  this  apprecia- 
tion come  earlier  we  might  have  been  able  to  offer  still  more  satisfac- 
tory results  for  our  assays. 

PART  I.  ASSAY  OF  CRIPPIiE  CREEK  TEIiliURIDE  ORES* 

NATURE  OP  THE  ORES  ASSAYED. 

Efforts  were  made  to  procure  two  ores  of  somewhat  widely  differing 
gold  content  and,  with  a  view  to  the  preparation  of  a  homogeneous 
sample,   containing  as  little  free  gold  as  possible.     As  received, 

■  .IM  I  .  ^1  II  

a  A  MannAl  of  Practical  Aaaaying,  1800,  p.  800. 
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through  the  kinduess  of  Mr.  W.  M.  Bainbridge,  of  the  El  Paso  C^jii- 
solidatod  Gold  Mining  Company,  and  of  Dr.  Waldemar  Lindgren,  of 
the  Geological  Survey,  the  samples  were  marked  C  and  12  ounces  per 
ton  respectively,  but  they  were  actually  much  richer  and  of  nearly 
equal  value,  approximately  15  and  19  ounces  to  the  tou.  At  least  10 
pounds  of  each  was  available.  The  ores  were  from  a  narrow  fissure 
in  granite  and  were  themaelves  practically  granite,  carrying  pyrite  in 
some  quantity,  the  higher  grade  sample  b  more  than  a,  some  calotte; 
also  traces  of  copper  and  molybdenum,  as  shown  by  determinations 
on  100  grams.  Other  constituents  were  not  looked  for.  The  tellu- 
rium also  was  qnautitatively  determined,  in  50-gram  portions,  in 
order  to  judge  of  the  composition  of  the  telluride  mineral.  As  given 
below,  silver  is,  no  doubt,  a  trifle  low,  because  of  the  impossibility  of 
making  exact  allowance  for  loss  in  assaying. 


I 


I 


Table  l.~Amounts  of  certain  eonuHtiienln  nf  the  ores. 


1  ..  1  .. 

Te 

ftTMHt. 

0.093 
,(W0 
.0108 
.fWTO 
.0018 

Cu-- 

Mo 

.MM 

.0015 

Assuming  none  of  the  gold  and  silver  to  be  free,  but  all  in  combi- 
nation with  tellurium,  the  following  percentage  compositions  for  the 
telluride  have  been  calculated  from  the  foregoing  table: 

Calculated  composition  of  the  telluridea. 


■■■                                   *■ 

Te 

Ftrcent. 

n«.09 

38.84 

5.67 

1.78 

iVrwnf. 
56.08 

1     36.97 
\        6.35 

mUo. 
1.80 

}      ..00 

A« 

100.00 

100.00 

If  the  tellurium  has  been  correctly  determined,  the  above  resallB 
indicate  the  probable  presence  of  free  gold,  for  from  what  we  know 
of  the  occurrence  of  gold-silver  tellurides  at  Cripple  Creek  they  prob- 
ably all  conform  to  the  general  formula  MTe,.  That  the  telluride 
here  present  must  then  be  largely  if  not  wholly  sylvanite,  assuming 
absence  of  other  silver  minerals,  is  indicated  by  the  amount  of  silver 
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shown  by  the  analyses,  which  is  considerably  in  excess  of  that  in 
even  the  richest  known  calaverite.  It  is  not  impossible  that  both 
calaverite  and  sylvanite  as  well  as  free  gold  are  present.  From  the 
ratio  of  gold  to  silver  in  a  second  pair  of  samples,  Oj  and  61,  which,  as 
mentioned  later,  were  taken  from  a  lower  position  in  the  original 
sample  bags,  so  that  a  considerable  mechanical  sorting  had  ensued 
since  the  bags  were  filled,  the  suspicion  may  be  justified  that  the 
silver  is  in  part  a  constituent  of  some  mineral  other  than  a  telluride. 
For  if  the  assays  are  correct  there  is  a  diminution  in  the  silver  as 
the  gold  increases,  as  shown  by  the  following  comparison : 


a. 

a,. 

b. 

K 

Air.. 

Ounces. 
2.19 
14.58 

Ounces. 
2.07 
15.60 

Ounces. 
8.00 
17.75 

Ounces. 

2.87 

19.68 

^■"O  -' — 

An 

That  not  all  the  silver  may  thus  be  assigned  elsewhere  is,  however, 
likely  from  the  fact  that  the  ratio  of  tellurium  to  gold  alone  is  much 
in  excess  of  2  to  1.  But  too  much  weight  must  not  be  attached  to 
the  above  values  for  silver,  and  therefore  speculations  of  this  sort  are 
of  little  importance. 

PREPARATION  OF  THE  SAMPLES. 

Considerable  portions  from  the  tops  of  the  bags  containing  the 
coarsely  crushed  samples  received  were  ground  fine  enough  to  pass  a 
sieve  of  100  meshes  to  the  linear  inch  and  mixed  for  what  was  con- 
sidered a  sufficient  time  to  insure  homogeneity.  The  amounts  thus 
prepared  proved  inadequate  for  the  completion  of  the  work,  so  other 
portions  were  ground  fine  enough  to  pass  a  sieve  of  150  meshes  and 
mixed  more  intimately  even  than  in  the  first  instance,  this  being  done 
because  the  first  results  on  sample  b  were  somewhat  less  satisfactory 
and  less  accordant  than  those  on  a,  a  condition  which  it  was  hoped  finer 
grinding  would  remedy.  These  second  samples  were  found  to  be 
markedly  richer  in  gold  than  the  first,  due  doubtless  to  their  having 
been  taken  from  a  greater  depth  in  the  original  bags.  They  repre- 
sented practically  new  ores,  and,  to  simplify  references,  will  be  desig- 
nated aj  and  b^, 

COMBINATION  W^ET  AND  FIRE  ASSAY. 

Throughout  the  literature  it  is  prescribed  that  for  wet  assay  of 
gold  ores  they  should  be  subjected  to  a  preliminary  roasting  for  the 
removal  of  sulphur  chiefly.  Since,  however,  it  is  pretty  certain  that 
there  is  loss  of  gold  by  volatilization  in  the  roasting  of  telluride 
ores,  it  seemed  imperative  to  disregard  these  directions  and  to  treat 
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chtMuieally  the  nnroasted  tiro.  No  iitlomplB  were  mnde  fo  test  differ- 
ent methods  of  attack  and  subsequeiit  treatment  bocau&c  of  lack  of 
time.     The  method  employed  in  all  cases  was  the  following: 

Fifty-gi'ara  portions  in  duplicate  were  mixed  with  water  in  large 
poreelain  basins,  and  strong  nitric  acid  waa  added  by  degrees  with 
constant  stirring  till  action  had  nearly  ceased.  Then  bromine  water 
was  added  in  excess  to  oxidize  the  gold  and  sulphur  and  pntcipitute 
the  silver.  No  artificial' heat  was  employed.  The  following  morning 
the  insoluble  matter  was  collocbed  on  filters  and  washed  ton  times 
with  water  containing  bromine  and  some  hydrochlorio  acid,  then  two 
or  three  times  with  pure  water. 

It  was  found  impossiblt^  to  extract  the  whole  of  the  gold  by  wet 
treatment.  The  residues  always  yielded  by  Are  a^say  small  amountH 
of  gold,  usually  under  0.1  mg.  when  iiroperly  washed,  besides  nearly 
all  the  silver. 

The  combined  filtrates  were  evaporated  in  the  original  porcelain 
basins  to  near  dryness,  then  treated  with  hydrochloric  acid  and  cov- 
ered for  a  time.  When  action  ceased  the  covers  were  removed  and 
evaporation  continued,  hydrochloric  acid  being  added  two  or  three 
times  more  at  proper  intervais.  When  the  residues  were  now  di- 
gested with  dilute  hydrochloric  acid  and  a  little  bromine  water,  to 
insure  solution  of  the  gold,  there  remained  undissolved  considerable 
calcium  sulphate,  which  was  collects  on  a  suitable-sized  filter  and 
the  filfrat*'  rocpived  in  a  l)caker.  The  fii-at  calcium  siilphato  residues 
thus  obtained  were  found  by  fire  assay  to  be  free  from  gold,  but  all 
those  obtained  in  subsequent  tests  were  added  to  and  assayed  with 
,  the  main  residues. 

The  filtrates  contained  all  the  iron  iu  an  oxidized  form  and  a  slight 
excess  of  bromine.  Without  attempting  to  reduce  the  ferric  iron  to 
ferrous  by  sulphurous  acid,  whereby  tellurium  would  have  been  in 
part  precipitated  as  well  as  the  gold,  a  large  excess  of  filtered  ferrous 
sulphate  solution  was  added,  which  induced  complete  precipitation  of 
the  gold  alone,  without  any  tellurium.  The  completeness  of  precip- 
itation was  proved  by  the  failure  to  detect  any  gold  in  the  subse- 
quently precipitated  tellurium. 

After  twenty-four  hours  the  precipitated  gold  was  collected  on  a 
9  cm.  paper  filter  of  0.00005  gm.  ash  content,  carefully  washed  with 
cold  water,  then  with  warm  dilute  hydrochloric  acid  to  extract  iron 
from  the  paper,  and  finally  with  hot  water.  Paper  and  contents  were 
burned  in  a  clean  porcelain  crucible,  and  the  contents  most  carefully 
transferred  to  the  pan  of  the  assay  balance  and  weighed  as  nearly  as 
might  be  to  hundredths  of  a  milligram.  As  a  check  the  gold  was  then 
generally  cupelled  with  3  or  4  grams  of  piire  lead  in  ordei-  to  eliminate 
the  error  introduced  by  paper  ash  and  any  possible  failure  to  wash 
the  filter  thoroiighly.  A  companion  cupellation  with  a  similar  amount 
of  proof  gold  afforded  the  correction  for  gold  loss  during  cupellation. 
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A  number  of  the  beads  thus  obtained  from  the  ore  were  collectively 
tested  most  carefully  for  silver,  with  negative  results. 

It  was  said  above  that  it  was  not  possible  to  extract  quite  all  of  the 
gold  from  the  ore,  and  that  the  residues  insoluble  in  acid  were  treated 
by  fire  assay  in  order  to  recover  the  amount  retained.  The  retention 
was  probably  owing  to  particles  of  telluride  inclosed  in  gangue  mat- 
ter, or  of  gold  in  sulphur  which  had  been  separated  but  not  fully 
oxidized  by  the  treatment  with  nitric  acid  and  bromine.  These  resi- 
dues were  assayed  in  crucibles  with  the  following  charge:  Litharge,  2 
A.  T. ;  soda,  1  A.  T. ;  borax,  ip  grams;  argol,  2  grams;  salt,  cover.  The 
lead  button  thus  obtained  weighed  about  20  grams  and  yielded  on 
cupellation  nearly  all  the  silver  of  the  ore  and  a  small  amount  of  gold, 
which  latter  was  obtained  pure  by  direct  parting.  It  was  not  deemed 
necessary  to  examine  slags  or  cupels  for  their  possible  gold  contents, 
owing  to  the  minute  amount  in  question,  nor  was  any  attempt  made  to 
determine  by  the  wet  way  the  exact  amount  of  silver  that  the  ore  held. 

Table  II. — Combination  wet  and  fire  assays  for  gold  in  Cripple  Creek  ores, 

[50  gjBjnB  in  each  case.] 


Sample. 

Besidiiee. 

By  FeS04. 

Total. 

After  cnpellation. 

1 

Milligrams. 

Milligjrams. 

Milligrams. 

Oz.  per  ton. 

Milligrams. 

Oz.  per  ton. 

0.08 
.04 
.08 

25.29 
25.22 
25.73 

25.37 
25.26 
25.85 

14.80 
14.73 
15.08 

a 

25.22 
a25.42 

14.71 

14.82 

I          .06 

25.63 

»      25.69 

14.98 

fl25.30 

14.76 

f          .12 

26.48 

26.60 

15.52 

26.51 

15.46 

"• 

.16 
.05 

26.32 
26.69 

26.48 
26.74 

15. 45 
15.60 

26.45 
26.59 

15.48 
15.51 

I          .12 

26.89 

27.01 

15.76 

26.73 

15.59 

.13 
.12 
.07 

1 
h 

29.56 
30.84 

29.68 
30.91 

17.32 
18.03 

29.45 
30.57 

17.18 

17.83 

I          .'l2 

30.50 

30.62 

17.86 

30.17 

17.60 

.  ilo 

32.54 

33.52 

19.55 

33.  ai 

19.45 

K    

.37 
.10 
.11 

33.13 
33.10 
33.85 

33.50 
33.20 
33.96 

19.54 
1    ftl9.58 

33.32 
(      33.07 
I      33.76 

19.44 

v| 

1 

1      &  19. 49 

a  These  beads  oontained  a  very  little  silyer,  which  was  lost  in  process  of  parting. 

bThe  asaars  were  made  in  pain,  and  by  accident  a  part  of  the  washmgs  of  one  assay  was 
evaporated  in  the  wrong  dish.  The  assays  were  mn  through  separately,  but  only  the  mean  is 
taken  for  final  comparison. 

There  is  seen  to  be  a  very  fair  agreement  in  each  of  the  several 
series  except  &,  an  exception  which  was  apparent  also  in  the  fire- 
assay  tests  of  the  ore.  It  was  largely  for  this  reason  that  fresh  sam- 
ples of  each  ore  were  prepared  {a^  and  b^)  as  before  mentloued. 
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^^g  FIRE  ASSAY. 

^^  CONDUCT  OF  THE   ASSAY. 

The  assays  were  all  made  in  Batlersea  F  crucibles,  boated  in  a  gnu- 
fod  meltiug  furnace,  as  the  muflle  available  was  far  too  nmall  to 
admit  crucibles  of  such  size.  A  very  satisfactorj-  charge  was  found 
to  be  that  givi'U  below,  and  it  was  adhered  to  throughout  except  in 
few  cases  where  the  litliarge  was  reduced  to  four  assay  tons  without 
,Boy  apparent  difference  in  resQlta. 


I 


Ore laaaay  ton  (39.160  grame). 

Soditun  bAcorbonste 1  assay  ton. 

Litharge _ fl  assay  tons. 

Borax  (fused)      . -  -  - 10  grams. 

Hcilt  w.ver. 


Neither  iron  nor  tiit«r  was  used.  In  most  cases  the  requisite  iimonut 
of  silver  was  added  to  give  two  ami  one-half  to  three  times  the  weight 
of  the  gohl.  During  the  earlier  stages  of  firing  the  temperature  was 
piir]iOHely  kept  low,  and  it  was  not  made  high  until  escape  of  gas  had 
nearly  ceased.  The  bultons  obtained  were  rather  large  for  cupella- 
tion — about  25  grams  iu  weight — but  it  was  felt  that  by  reducing  a 
large  amount  of  lead  the  collection  of  all  the  gold  would  be  more  cer- 
tain. The  buttons  were  in  all  cases  soft  and  malleable.  Not  every 
slag  was  assayed,  since  It  was  found  that  the  gold  losses  here  were 
very  slight,  in  direiit  disagrecmcnl.  with  Fulton's  results  on  Cripple 
Creek  tellurideH.™ 

The  larger  number  of  testa  were  made  by  one  of  us  (A),  but  in 
order  to  have  the  check  of  another  worker  a  number  were  made  by 
his  colleague  (II).  The  latter'a  results  seem  to  be  in  general  a  little 
below  those  of  A,  a  fact  probably  explained  by  the  employment  of  a 
somewhat  higher  temperature  ii^  cupellation.  The  powerful  iuflu- 
ence  of  slight  changes  in  temperature  on  the  cupellatioa  results  will 
be  emphasized  in  the  second  part  of  this  paper. 

CHARGES    D8BD   IN    ASSAYING   SLAGS   AND   CUPELS. 

The  charge  used  for  the  slag  assay  was:  Litharge,  1  A.  T. ;  argol,  2 
grams;  salt.  For  cupels  it  was:  Litharge,  2  A.  T. ;  soda,  1  A.  T.; 
bora.Y  glass,  1.5  A.  T. ;  argol,  2  grams;  salt. 

ASSAYS  FOB   GOLD   AND   SILVER  TOGETHER. 

The  first  assays  wei-e  made  in  order  to  ascertain  not  only  the  gold, 
but  also  the  silver  content  of  the  ores,  though  no  importance  was 
attached  to  the  determination  of  the  latter.  Incidentally  these  tests 
showed  the  losses  of  gold  in  slags  and  cupels. 

°  Jour.  Am.  CJbem.  Soc..  vol.  SO.  IMS,  p.  SM;  seo  nlHol&ber  in  this  lialleUn.  p.  14. 
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Table  III,— Cnicihle  asstiys  of  Cripple  Creek  tclluritle  oreis  for  gold  and  silver 

together, 

[Valaes  are  the  weights  obtained  in  milligrams,  and  denote  onncee  per  ton  of  2,(XK)  pounds.] 


Main  assay,  Au+Ag. 

Slags. 

Cupels. 

Aa+Ag. 

An. 

Au+Ag. 

Au. 

16.54 
16.37 
16.97 
16.50 
16.58 
16.54 

i 

0.07 

0.10 
.07 

.04 

a , 

1 
1 

1 

Average 

From  slag 

From  cupel 

16.58 
.055 
.085 

.055 

.085 

• 

Total 

Less  average  gold,  from  Table 
VII 

16.72 
14.58 

Silver 

2.19 

20.54 
20.68 
20.58 
20.88 
20.21 

.08 
.08 

1      0.03 

(     Lost. 
I      0.10 

h 

0.04 

Average 

From  slag 

From  cupel 

20.57 
.08 
.10 

.08 

.43 
.05 
.07 
.03 

.015 

.10 

Lost. 

0.17 
.15 
.17 

.04 

Total 

Less  average  gold 

20.75 
17.75 

• 

Silver 

3.00 

17.39 
17.40 
17.43 
.17.25 

a, , 

V»J          ______._..__.._ ....--.. 

Average 

17.37 

.145 

a. 027 

.16 

«.07 

a  Averages  obtained  by  combining  all  the  beads  (8)  from  ui  and  6i. 
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Tablk  m.—Cniciblf  amays  of  Cripple  Creek  telluride  orvii  fur  a"ld  and  itilver   ' 
together — Continneil , 


Sl>«.. 

Cupel.. 

An+Ag. 

An. 

An-«-A«. 

An. 

Fromal 

0.145 
.18 

17.675 
16.60 

3.073 

0.06 
.05 
.06 
.04 

o.sa 

.17 
.16 
.18 

From  cupel — . 

Total 

Less  average  gold 

Silver 

2S.U 
23.48 
39.88 

ft 

P       Average 

aa.87 

.OS 

.18 

23.80 
19.68 

3.87 

.05 

00.027 

.18 

«0.« 

From  cupel- 

Total 

Lew  Bvongft  gold 

Silver _ 

<•  AreraKM  obtatoed  by  combinintr  all  tbe  beads  <g)  from  oi  and  b|. 

Discussion  of  results. — The  cupeDatioti  loss,  even  without  that  due 
to  volatiliKation,  is  here  seen  to  be  markedly  greater  than  in  the  slag. 
This  observation  is  in  agreement  with  the  general  tenor  of  statements 
found  in  the  literature,  but  directly  contradicts  Fulton's  statement, 
already  referred  to,  as  to  telluride  ores  from  Cripple  Ureek,"  May  not 
his  high  losses  in  the  slag  have  resulted  from  his  employment  of  iron 
nails,  with  resultant  formation  of  auriferous  sulphide  in  the  slag? 

In  order  bo  have  a  check  upon  the  actual  loss,  including  that  due 
to  volatilization,  proof  metal  of  the  composition  of  that  obtained  from 
the  ore  was  cupelled  with  25  grams  of  lead.     The  results  follow: 
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Table  FV. — Cupellation  losses  on  proof  aUoy, 


Taken. 

Poand. 

Lofls. 

Becovered  from  cupels. 

Ag- 
Ati 

—  -   .----. 

Milligramt. 
2.09 
15.59 

MiUiffratM. 

MiUigrams. 

Percent. 

MiUifframs. 
0.06 

xTW*  cent. 
2.87 

.077 

.49 

An— Ag  -- 

17.58 

0.15 

Aff 

17.68 

2.26 

15.74 

0.85 

.137 

.08 
.077 

8.54 

An 

Au+Ag  -. 

.49 

17.84 

.16 

.89 

18.00 

2.28 
19.75 

.157 

.07 
.08 

Ag  - 

8.07 

An  - 

.40 

Au-fAg  .. 

21.51 

.52 

2.86 

22.08 

2.58 
19.64 

.15 

.10 
.07 

Ag- 
An 

3.88 

.86 

An+Ag  -- 

22.07 

.16 

.68 

22.22 

.17 

When  cupellatiou  takes  place  at  a  low  temperature,  with  formation 
of  considerable  feather  litharge,  as  in  the  above  cases,  the  loss  by 
volatilization  is  seen  to  be  practically  negligible,  or  if  not  absolutely 
inconsiderable  to  be  compensated  perhaps  by  retention  of  lead,  but 
that  the  case  is  different  when  the  temperature  is  higher  is  plainly 
shown  elsewhere  in  this  paper  (Tables  VIII  and  IX). 

ASSAYS  FOR  GOLD  ALONE. 

In  all  these  cases  the  requisite  amount  of  silver  was  added  at  the 
start  to  give  a  bead  suitable  for  parting. 

Table  V. — Crucible  assays  of  Cripple  Creek  tdluride  ores  for  gold  alone. 
[Values  are  the  weights  obtained  in  milligrams  and  denote  ounces  per  ton  of  2,000  pounds.] 


Slags. 

Cupels. 

Mam  assay,  au. 

Au+Ag. 

Au. 

Au+Ag.. 

An. 

14.50 
14.42 
14.45 
14.47 

0.25 
.36 
.16 
.18 

a  : _, 

••••«••• 

0.72 
.82 

Average 

Prom  slag  and  cnpel 

Total 

14.46 
.05 

.24 

0.02 

.77 

0.08 

14.51     (AUen). 

Hi  MKTHODSi    OK    AtiirW    OF   HOLD   TELLDRIDE    ORKS,     [BPH^afiS. 

Tabiji  V.~-Cniclble.  ti»»a!/»  of  Vripple  Creek  telturide  ores  for  gold  alone — Cout'it 


BCalDftalLy,  A 

" 

Bl>«>. 

CaiM^. 

Au+Ab. 

An. 

An+Ag. 

An. 

14.63 
14.88 
U.58 

U.21 

Froiti  sluj5  Hiid  cnpel  . . .   . 

U.60 

.OB 

1^    Total .. 

14.55    (Hbd.). 

«1 

r      ATsnge 

Tnan  dag  ancl  otipel     _ . . 

15.  BO 
15.52 

15.  eu 

10.  Bl 
19.57 

IS.  OS 

.07 

O.IW 
.OB 

0.B3 
1.00 

1.23 

1.07 

0.02 
.03 

.09 

O.M 

1.06 

.« 

TotAl 

l.-i.U-J     (Allnn). 

15.  r,l) 
1S.4B 

lfl.49 
.08 

C) 

.02 

.10 

.-  __^ 

.03 

AveracB 

OB 

From  elag  and  cnpel 

Total. _ 

15.  S7     (Hbd.). 

" 

17.70 

iT.ea 

17.79 

.or> 

.8S 
.28 

.87 
.82 

AvetBge    

FiMBi  slag  awl  cape!    . ,   . 

.30 

.03 

.85 

.03 

Total 

17.  b4    (Allen), 

17.M 
17.78 

IT.  47 
17.  U6 

17.63 
.OiW 

(") 
(■') 
("> 

.03 
.03 
.08 
.03 
.025 

6-.- -.  - .--. 

.03 
.03 
.OS 

-    ^yerace 

Frtiui  alttK  iwA  i-npel  ...   . 

Total 

17.68,1  (Hbd.). 

Excluded  Erom  iLverase  aa  undoiibtodly  low- 
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Table  V. — Crucible  assays  of  Cripple  Creek  telluride  ores  for  gold  alone — Cont'd. 


Main  aamy,  Aa. 


Cupels. 


Aa+Ag. 


An. 


ri9. 89 
19.53 
19.51 

^1 09.57 

19.55 
19.62 
19.56 

Average 19.54 

From  slag  and  cupel 085 


0.14   

.14  1 

1 

1.48 
1.34 
1.28 
1.29 

0.05 
.06 
.03 

1 

.04 

1 

1 

I 

K 


Total 19.625  (Allen) 

19.79 
48 


fl9. 
Il9. 


Average 19.63 

From  slag  and  cupel 07 


Total 19.700  (Hbd.). 


14      0.04 


1.35 


.045 


.02 


.05 


«  Not  weigrhed. 

b  Proof  metal  (19.86  mg.  gold  and  49  mg.  silver)  was  cmcibled,  cnpelled.  and  ixu-ted  at  the  sam& 
time  as  these  last  two  assays.  The  final  gold  was  19.84+0.07.  or  19.91  in  all,  showing  that  in  this 
case  there  mnst  have  been  a  marked  retention  of  silver  after  parting.  If  a  like  correction  has 
to  be  applied  to  the  regular  assays,  the  average  drops  to  19.64,  almost  exactly  that  of  Allen. 

In  order  to  check  the  actual  loss,  Inclnding  that  by  volatilization, 
the  following  cupellations  were  made  with  alloys  corresponding  to  the 
above  and  about  25  grams  in  weight: 

Table  VI. — CupellatioH  losses  on  proof  alloy. 


Ag 
An 

Ag 
An 

Ag 
An 

Ag 
An 


Taken. 


Pound. 


Loss. 


MUligrams. 
48.03 
15.79 


!  Milligrams. 

46.90 
15.70 


55. 37 

15.82 

63.65 
19.72 

63.81 
19.74 


54.77 
15. 75 

62.27 
19.63 

62.46 
19.64 


Milligrams. 
1.13 
.09 

.60 

.07 

1.38 
.09 

1.35 
.10 


Ber  cent. 
2.35 
.57 

1.08 
.44 

2.17 
.46 

2.11 
.51 


Recovered  from  cupels. 


Milligrams. 
0.82 
.02 


Per  cent. 
1.71 
.12 


1.09  I 
.02 

1.04 
.08 


1.71 
.10 

1.63 
.15 


Boll.  258— 05 3 
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When  the  alxtve  percealage  racovei'ica  are  compared  with  correspond-' 
ing  ones  for  the  alloy  fav  richer  in  gold  (p.  16,  Table  IV),  it  is  Been, 
might  be  expected,  not  only  that  there  is  a  selective  absorption  of  the 
metals,  but  also  that  the  gold  loss  by  cupeliation  is  absolutely,  and, 
relatively  to  the  silver,  greater  in  the  richer  gold  alloy;  but  it  is  sin- 
gular that  whereas  iu  the  latter  ease  practieally  all  the  lost  gold  (iind 
silver)  seemed  to  be  recovered  from  the  cupel,  iu  the  case  of  the  rioh 
silver  alloy  by  far  the  greater  part  of  the  lost  gold  has  been  volatil- 
ized instead  of  aIisorl>ed.  That  a  portion,  and  relatively  a  large  por- 
tion, ifl  always  thus  volatilized  under  similar  eonditinns  the  results 
given  in  Table  IX  on  page  21  clearly  show,  hut  there  the  volatilization 
loss,  no  matter  at  what  t^mjierature  in  tho  muffle,  though  verj' varia- 
ble, is  with  one  exception  considerably  below  that  by  absoiption.  Tho 
explanation  of  this  disagreement  we  ai-e,  unfortunately,  unable  to 
offer. 

COMPARISON   OF   RESULTS, 

Comparing  the  average  results  l)y  combination  wet  and  Are  test  and 
by  (ire  assay  alone,  we  have  the  following  shoeing: 

Table  YlL—Cotnparia<m  of  rvmilU  by  the  Ueo  metlMdt. 


I 


H     IS. 57 
A    15.82 


H     10.64  o 
A     IB.  82 


'  19. 10 
19.62 


«?oi1 


A,  liy  giving  proper  credit  foi 
ion  of  tbe  HlttToatire  vslue. 


the  nnmlier  of  W 


Fr(uii  the  above,  it  would  seem  to  be  be  clear,  as  claimed  by  Fur" 
man,  thatfortelluritle  ores  of  the  composition  of  those  of  Cripple  Creek 
the  crucible  tiro  assay  gives  results  perfectly  satisfactory,  as  compared 
with  net  e.\traclion.     In  three  ot  the  tour  ores  Eissayed  by  us  the 
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advantage  would  seem  to  lie  very  slightly  with  the  fire  assay,  but  the 
determinations  are  too  few  in  number  and  not  sufficiently  uniformly 
in  one  direction  to  permit  us  to  regard  this  as  demonstrated. 

Because  possibly  some  one  may  raise  the  objection  that  the  fire 
assay  failed  to  extract  from  the  residues  insoluble  in  the  liquid  rea- 
gents the  whole  of  their  gold  contents,  and  that  therefore  the  results 
do  not  prove  the  accuracy  of  the  fire  assay  in  comparison  with  the 
other,  it  is  to  be  regretted  that  recourse  had  to  be  taken  to  the  former 
to  complete  the  wet  assays,  but  there  seemed  no  help  for  it.  No 
reasonable  person  will  entertain  any  doubt  on  the  subject. 

PART  II.    THE  ERRORS  IN  GOI.D  ASSAYING. 

CUPELLATION  LOSSES. 

ABSORPTION  AND   VOLATILIZATION. 

That  the  loss  of  silver  in  assaying  may  be  verj'  marked  is,  of  course, 
well  known,  particularly  that  loss  which  is  due  to  too  high  heat 
during  cupellation.  That  gold  suffers  similar  losses,  though  to  a  much 
less  degree,  has  been  fairly  well  established  bj^  various  workers. 
*'That  loss  of  gold  takes  place  in  cupellation  if  this  is  conducted  at 
too  high  a  t-emperature,  or  if  the  alloy  is  cupelled  without  quartation 
silver,  is  an  already  long-known  experimental  fact. "«  The  data  relating 
to  gold  are,  however,  not  so  satisfactory  as  those  with  respect  to  silver, 
and  they  are  at  times  uncertain  or  even  conflicting.  It  is  in  general 
said  that  the  cupellation  of  gold  may  be  carried  out  at  a  considerably 
higher  temperature  than  that  of  silver,  and  the  assayer  is  commonly 
advised  to  complete  the  final  stage  of  the  operation  farther  back  in  the 
muffle  than  the  earlier  stages.  Some  authorities  insist  on  the  absence  of 
feather  litharge  at  the  end.  There  seems  to  be  in  the  literature  no  ade- 
quate appreciation  of  the  very  marked  effect  that  slight  differences  in 
temperature  actually  do  produce  on  the  yield  of  gold  by  cupellation, 
especially  if  the  ore  be  rich,  nor  of  the  very  considerable  volatiliza- 
tion loss  that  accompanies  cupel  absorption  if  the  heat  is  not  kept  at 
a  minimum.  Doubtless  these  facts  are  known  to  individual  assay- 
ers,  but  they  are  not  sufficiently  emphasized  in  chemical  literature, 
especially  that  to  which  practical  assayers  in  this  country  usually  have 
access.  "Many  yet  l>elieve  that  the  degree  of  heat  has  little  or  no 
influence  on  the  result."* 

Our  own  experiments,  which  follow,  were  all  made  with  proof  gold 
and  silver  from  the  mint.  The  results  are  not  therefore  necessarily 
comparable  with  those  obtained  by  assaying  ordinary  bullion,  where 
the  presence  of  copper  is  said  to  demand  a  higher  temperature  and 
to  influence  the  gold  loss. 


a  Bodeman-KerVs  Anaying,  traxiBlation  by  Goodyear,  1880,  p.  IM. 
^BoeflBler  in  Dinglers  Polytech.  Jour.,  vol.  80O,  1878,  p.  186. 
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First,  gold  itlone  was  cupelled  in  order  to  ascertain  primarily  the 
loss  with  increase  of  temperature,  and,  aeoondarily,  bow  this  loss  was 
affected  by  the  araonnt  of  lead  used.  Ordinarily  six  cupels  were  set 
in  a  row,  from  front  tfl  back  of  the  12  by  6  inch  mufBe,  so  that  the 
front  cupel  always  showed  at  the  end  abundant  feather  litharge,  and 
the  rear  one  was  at  the  back  end  of  the  mufBe.  The  cupellations 
were  made  in  most  cAses  with  an  altogether  unnecessarily  large  amount 
of  lead  (~25  grams],  in  order  to  duplicate  as  nearly  as  might  be  the 
conditions  under  which  the  assays  described  in  Part  I  were  cupelled. 
Table  VIII  shows  these  results. 

Then  quartation  mixtures  were  cupelled  and  the  silver  as  well  as 
the  gold  losses  determined  {Table  IX). 

TsBi.B  Vm.— /vO*scH  of  gold  tehen  mpelled  vHthtmt  silver  as  affevted  by  tempera- 
tare  and  amount  of  lead. 


1 


[£ftBr>mBl» 

BctImA 

lod  B.  IS  gram,  in  Bertea  C] 

^i 

fonnd. 

LOH. 

toaopBto. 

^^. 

1 

^ 

TolBtflb 

ntioii. 

Hot. 

Mb.. 

Mo: 

PHrooit. 

ift^ 

Met. 

b 

A- 

80.68 

80.47 

O.U 

0.8S 

0.18 



186 

P 

r:....- 

80.83 

39.  W 

.m 

1.19 

.89  1      0.07 

80 

ao 

30.  Ha 

ai.oB 

,54 

l.Tfl 

.r,7   ur.   

4 

30. 45 

39.30 

1.15 

3.78 

.89           .26             77               23 

5 

30.16 

28.90 

1.26 

4.17 

1.17  !         .09             93  ,              7 

«_.. 

30.66 

211.30 

l.»» 

4.43 

1.25           .11             93  ■               8 

1 

9 

3 

10.34 
10.35 

10.29 

lU.St 
0.77 

10.15 

.03 
.48 

.14 

,29 
4.M 

l.sa 

, 

1     -    i     -  ; 

B. 

Litharge  formed  faster  than  it 
cmlJbe  ahsorbed  during  much 
of   the  time,   yet   the   fomaca 
ran  at  an  nnusually  high  heat. 

i 

10.27 

9.20 
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The  fyitigoing  tablets  .show  most  strikingly  the  efToct  of  iucroiisinff 
tomp^ratare  on  the  loart  of  goM  (and  silver)  and  thai  thia  1um»  with 
par«>  gold  is  almosti  wholly  by  ctiiwl  absqrptiou.  A  difference  of 
position  in  the  muffle  amounting  to  no  moi-e  than  the  width  of  a  cupel 
ie  of  great  momoTit.  The  percentages  given  in  thelasttwoooluimisof 
Series  A,  Table  VIII,  and  of  Series  B,  Table  IX,  are  of  course  sub- 
ject to  considerable  probable  error  because  of  the  difficulty  of  weigh- 
ing such  small  beads  to  hundredths  of  a  milligram  and  the  probability 
of  losses  inherent  in  the  operations  by  which  they  were  obtained, 
Further,  because  of  the  probable  retention  of  traces  of  lead  by  the 
lai^  gold  beads  (see  p.  24),  the  volatilization  figures  are,  if  anything, 
too  low  and  those  for  absorption  too  high. 

It  is  clear  that  the  following  statements  are  far  from  correct: 

"A  high  temperature  has  no  ill  effect,  the  loas  of  gold  in  cupellation 
being  so  small  that  it  uee<l  not  be  considered.  It  is  about  balanced 
by  the  silver  left  in  the  gold  after  parting.  The  cupellation  losw  is 
about  U.Or  per  cent,"" 

"The  loss  of  gold  by  cupellation  is  insignificant  (about  0.7  per 
l.LHX)),  compensated  moreover  by  the  small  quantity  of  silver  which 
the  gold  retains  after  parting."* 

"All  the  silver  lost  ia  absorbed  by  the  cupel."' 

Our  experience  goes  to  show  that,  as  a  general  direction,  the  fol- 
lowing should  be  modified,  for  with  pure  gold  and  telluride  ores  no 
higher  heat  is  needed  than  for  silver  cuiHiniiti'in. 

"A  high  heat  is  maintained  throughout  the  operation  [cupellation] 
and  especially  at  the  time  of  brightening,  that  is  to  say,  a  higher 
degree  than  is  admissible  in  a  silver  assay    .     ,     ,"'' 

The  average  loss  nameil  in  the  first  two  of  these  extracts  is  from 
three  to  seven  times  less  than  the  lowest  of  those  in  Tables  VIII  and 
IX — those  suffered  at  the  lowest  permissible  limit  of  temperature. 

niough  not  connected  with  the  present  discussion,  it  is  impossible 
to  see  why  the  following,  credited  to  Aidarow,  should  be  true: 

"The  gold,  however,  only  soaks  into  the  cupel  when  it  has  been 
SGorifie<l  with  lead  beforehand.  If  gold  is  adde<l  to  lead  that  is  already 
fused  on  the  cupel,  no  loss  of  gold  takes  place  on  cupellation."' 

That  a  small  but  appreciable  portion  of  the  total  lost  is  due  to  vol- 
atilization the  results  of  Series  A,  Table  VIII,  aud  Series  B,  Table 
IX,  clearly  show.  That  such  los-s  occurs  is  mentioned  by  some  writ- 
ers/ but  most  writers  make  no  mention  of  it.  According  to  Rose,f 
10  per  cent  of  the  total  loss  in  bullion  assay  is  by  volatilization,  a 


[■Cnmprcdoii,  tluiile  Pratiflne  dn  Cliimlste  M.''taHur«iHt<^.  IStH,  p.  6NB. 
rCampredon.  ibid,,  p,  '-IM. 
''Aarou.  ARaiyina.  191*1,  p.  *l. 

'BodeniBii-Kerl.  AsHiylng,  tranBlated  l>y  Oooilyear,  IRW,  p,  171, 
/Makin;.,  giiart.  Jour,  fbBm,  Bo.-,,  vol,  IH.  Ktei.  p,  H7;  Ilue-nl«rill  Dtnglen 
nier,  NutfiH  uD  AMayiQK,  liWi,  pp.  128  aud  le 
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proportion  roughly  agreeing  with  the  returns  in  Table  VIII,  Series  A, 
final  columns. 

That  gold  volatilizes  slowly  if  kept  above  its  melting  point  Napier 
has  shown,**  but  this  condition  does  not  ordinarily,  if  at  all,  obtain 
after  the  bead  has  brightened,  so  that  the  direction  that  it  is  quite 
safe  to  leave  gold  beads  in  the  muffle  after  brightening  for  almost 
any  length  of  time  seemed  probably  justified.  To  test  the  point,  how- 
ever, a  number  of  trials  were  made  by  cupelling  several  beads  simul- 
taneously and  taking  them  out  at  intervals  of  one-half,  five,  and 
twenty  minutes  after  pushing  them  back  in  the  muffle  to  brighten. 
No  constant  losses  were  suffered  by  those  left  in  for  the  longer 
periods,  but  curiously  enough  there  seemed  to  be  a  slight  tendency 
to  increase  in  weight.     To  what  this  could  be  attributed  is  not  clear. 

On  their  face  the  results  of  Series  C,  Table  VIII,  as  compared  with 
Series  B  of  the  same  table,  seem  to  indicate  that  the  amount  of  lead 
exerts  a  very  marked  effect  on  the  gold  loss.  Roessler*  is  fully  per- 
suaded from  his  own  table  of  tests  that  this  is  generally  true.  But 
compare  for  a  moment  the  three  series  of  Table  IX.  The  same 
amount  of  lead  was  used  in  them  all  (25  grams)  and  the  absolute 
losses  of  gold  with  30  mgs.  and  with  10  mgs.  were  practically  iden- 
tical, while  with  16  mgs.  (Series  B)  they  dropped  to  about  one-third. 
Here  the  only  seemingly  probable  explanation  is  that  the  tempera- 
ture throughout  the  muffle  must  have  been  appreciably  lower  with  B 
than  with  A  and  C.  Hence  it  is  not  improbable  that  a  similar  expla- 
nation may  be  the  proper  one  to  adopt  for  the  low  results  of  Series  C 
in  Table  VIII.  The  cause  is  certainly  not  conclusively  shown,  and  it 
has  been  made  plain  that  slight  differences  in  temperature  produce 
marked  effects. 

The  final  columns  in  Series  B,  Table  IX,  are  of  interest  as  showing 
that  with  quartation  alloys  not  only  is  the  volatilization  loss  of  gold 
greater  than  when  pure  gold  is  cupelled,  but  also  that  the  ratio  of 
volatilization  loss  to  absorption  loss  is  about  the  same  for  both  gold 
and  silver,  or,  roughly,  as  30  to  70.  We  regret  that  similar  compari- 
sons were  not  made  for  the  other  series.  It  is  hoped  that  at  some 
future  time  opportunity  may  offer  to  test  this  and  other  points  of 
interest  more  critically.  For  the  present,  however,  this  is  impossi- 
ble owing  to  the  enforced  abandonment  of  the  Survey's  fire-assay 
laboratory.  It  is  largely  due  to  this  latter  fact  that  the  work  herein 
described  is  rather  fragmentary  and  not  altogether  satisfying. 

RETENTION  OP  LEAD  BY  CUPELLED  BEADS. 

Inasmuch  as  in  hardly  a  single  case  did  our  corrected  assays  on 
proof  metal  show  more  than  was  weighed  at  the  start,  even  at  the 
lowest  heat,  with  full  feather  litharge,  it  did  not  seem  necessary  to 


aQuart.  Jour.  Chem.  Soc.,  toL  10, 1866,  p. 
^DingleTB  Polytech.  Joar.,  toL  801, 18^8,  p.  18B. 
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a««suiiie  Uie  pi-eMciicu  of  \viul  in  lliu  tH.'tuls  obUviniMl.  XevertheleNH,  io 
one  case  )i  number  of  them  from  the  RUiue  series  of  at^snys  were  din- 
solved  in  aqtia  rej^a  togetlier,  the  ^old  precipitated,  and  the  solu- 
tion evaporated  to  a  few  drops.  By  exercise  of  tlie  ntmost  care 
it  was  possible  to  detect  a  minnte  quantity  of  lead,  too  small,  perhaps, 
u>  have  influenced  the  results  to  any  appreoiable  extent. 

Laterlbe  following  experiments  were  carried  out; 

Experivwitt  I. — Three  beads  of  proof  gold,  weitthing,  respectively, 
30.14,  50.40,  and  10,35  mgs.,  were  cupelled  with  2  grams  of  lead  each, 
in  the  ordinary  way,  and  weighed  after  boiling  with  dilute  hydrochlo- 
ric acid  to  remove  any  film  of  lead  oxide  or  particles  of  litharge- 
aoaked  bono  asb.  They  were  then  dissolved  together  in  aqua  regia, 
evaporated,  dUuteil  with  sulphurous  acid,  the  solution  liltered  and 
evaporated  till  fumes  appeare<l.  The  residue,  consisting  of  lead  sul- 
phate and  a  little  metuUic  gold,  was  transferred  to  a  filter  after  taking 
up  witli  alcohol,  the  sulphat-e  extract,ed  by  ammonium  acetate,  the 
lead  re  precipitated  by  hydrogen  sulphide,  reconverted  into  sulphate, 
and  weighed.  The  weight  was  0.0004  gram,  equivalent  to  0.3  per 
cent  of  load. 

Eceperimeni  S. — Three  beads  of  very  nearly  the  same  weights  as 
those  first  acted  on  wem  treated  in  a  similar  manner,  except  that 
they  were  left  in  the  mufBe  twenty  minutes  after  brightening.  The 
amount  of  lead  recovered  from  all  three  together  was  0.37  per  cent. 

This  shows  clearly,  as  had  our  earlier  cxpprieni'o,  that  the  error, 
though  of  some  magnitude,  is  not  lessened  by  leaving  the  beads  in 
the  muffle  for  a  considerable  time  after  brightening.  It  should  be 
said  that  the  sulphate  weighed  was  certainly  of  lead  and  not  silver. 
The  percentages  above  given  are,  however,  to  be  regarded  as  approxi- 
mate only. 

LOSSES  OF  GOLD  IN  SLAGS. 

From  a  statement  in  Fulton's  paper,  "Assay  on  telluride  ores,"" 
we  were  led  to  expect  much  greater  losses  of  gold  in  the  slag  than 
appear  from  the  tables  in  Part  I  of  this  bulletin.  Fulton  says  that 
these  are  much  greater  with  Cripple  Creek  telluride  ores  than  with 
ordinary  gold  ores.  They  appear,  however,  so  far  as  our  own  work 
goes,  to  be  flight.  We  have  suggested  on  page  14  a  possible  explana- 
tion for  his  higher  losses. 

ERRORS  IN  PARTING. 

STRENGTH   OP   ACID. 

Most  diverse  is  the  practice  in  parting  as  to  the  strengths  of  acid 
employed.  Vauquelin  seems  to  have  firet  used  acid  of  I.IC  and  1.26 
specific  gravity,  and  these  are  tlie  strengths  most  frequently  recom- 
mended to-day.     But  there  are  not  wanting  those  who  prescribe  other 

a  Jour,  Am.  Clipin.  8or.,  vol.  an,  1898,  p.  689. 
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Strengths,  or  who  reverse  the  order  of  application — that  is,  employ 
the  stronger  acid  first — or  who  are  content  with  acid  of  uniform 
strength. 

INCOMPLETE  EXTRACTION  OF  SILVER. 

Not  less  diverse  are  the  statements  as  to  the  completeness  of  the 
silver  extraction.  Campredon  puts  the  average  silver  retention  for 
bullion  assay,  tested  upon  an  aggregate  of  100  cornets,  at  0.0002  gram. 
According  to  Beringer,«  the  surcharge  may  amount  to  0.05  per  cent. 
In  Brown's  Assaying  (p.  396)  it  is  said  that  "A  small  amount  of  silver 
will  always  remain  in  the  cornet,  no  matter  how  carefully  the  manipu- 
lations may  have  been  conducted."  On  the  other  hand,  Ricketts  and 
Miller*  say  that  the  inaccuracy  due  to  silver  retention  in  parting  can 
be  avoided  by  careful  work.  Lat«r,  however,  they  say  (p.  128)  with 
resi)ect  to  gold  bullion,  **0n  the  other  hand,  the  gold  always  con- 
tains some  silver  and  occluded  gases."  That  cornets  retain  occluded 
gases  was  proved  by  Graham,^  and  Varrentrapp  showed  that  the 
amount  varies  with  the  temperature  of  annealing.*' 

Our  own  experience  in  the  present  work  is  that  while  sometimes  by 
dissolving  a  number  of  beads  together  traces  of  silver  were  detected, 
quite  as  often  none  were  found.  This  was  before  we  learned  the 
need  for  more  than  two  or  three  boilings  with  acid.  We  believe  that 
some  of  the  unfavorable  results  reported  by  various  writers  may  have 
been  due  to  insufficient  treatment  with  acid  and  inadequate  washing. 
Not  infrequently  the  direction  is  given  to  wash  three  times  with 
water.  That  this  is  insufficient  for  such  cornets  as  are  obtained  in 
bullion  assay  our  own  tests  have  proved  to  us.     (See  further,  p.  27.) 

There  is  great  lack  of  agreement,  too,  as  to  the  best  gold-silver 
ratio  in  the  quartation  alloy.  For  instance,  Chaudet  and  Kandel- 
hardt  are  credited  in  Bodeman-Kerl *  with  the  statement  that  a  gold- 
silver  alloy  with  2^  parts  of  silver  retains  less  silver  when  parted  with 
nitric  acid  than  an  alloy  with  3  parts.  The  same  authority  attributes 
te  Pettenkofer  the  statement  that  the  separation  can  succeed  well 
with  as  little  as  If  parts  of  silver  to  1  of  gold.  Rammelsberg  is 
quoted^  to  the  effect  that  pure  nitric  acid  dissolves  all  the  silver  out 
of  an  alloy  containing  80  jyer  cent  and  more  of  silver  and  leaves  all 
the  gold  behind;  and,  on  the  contrary,  the  separation  is  imperfect 
with  a  proportion  of  from  15  te  80  per  cent  of  silver. 

IMPURITIES  IN  ACID. 

Of  course,  if  the  acid  used  for  parting  contains  certain  impurities, 
losses  will  occur.  The  impurity  most  te  be  guarded  against  is  hydro- 
chloric acid  or  chlorine.     Bodeman-Kerl  c'  mention  also  sulphuric  and 


u  A  Text-book  of  Aaaaying,  l«K),  p.  li». 
b  Notes  on  Assaying,  1807,  p.  109. 
«Philo8.  Trans.  Roy.  Soc.,  1888,  p.  4S8. 
dRose,  Metallurgy  of  Qold,  p.  481. 
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sulphurous  HCitlB.  Rose"  aKcribes,  ou  the  liasia  of  his  owii  tests,  8 
per  cent  of  the  total  loss  in  a  gold  assay  to  the  solvent  atition  of  the 
acid,  without  specifyinj;  further.  Lonlier*  confirms  the  stAtemenUt  of 
several  authors  aa  to  the  solubility  of  gold  in  a  hot  mixture  of  stmng 
sulphuric  and  nitric  acids,  and  that  on  dilution  with  water  it  precipi- 
tates, this  precipitation  heing  supposedly  brought  alx>ut  by  nitrouH 
acid  formed  from  the  nitric  acid.  He  also  shows  that  the  sulphniio 
nitric  acid  mixture  dissolves  gold  even  at  0°  C. 

ACTION   OF  NrrROUa   ACID. 

B  The  st^teineut,  which,  according  to  Makins,  can  be  traced  lo  liiTze- 
lius,  is  met  with  in  several  places  that  loss  of  gold  eiiftues  in  parting 
from  the  solvent  action  of  nitrous  acid;  and  Makins,"  by  repeated 
boilings  of  assay  gold  with  nitric  acid  of  specific  gravity  I.iS  and 
l.:i5,  was  able  to  establish  a  steady  loss  which  he  attributed  to  nitrous 
acid,  though  the  proof  is  by  no  means  convincing;,  as  he  does  nut 
clearly  show  the  entire  absence  of  traces  of  hydi-ochloric  acid  in  his 
nitric  acid,  nor  of  silver  in  his  cornets,  nor  did  he  evaporate  the  fil- 
trates and  prove  that  they  contained  gold.  The  active  agent  (.<ould 
not  be  nitrous  acid  formed  from  the  solution  of  the  quartation  silver 
for  its  formation  must  hitve  practically  ceaafij^Afts^^u  second  or 
thii-d  boiling.  Van  Liew''  obtained  asto^^^^B^^^Ki  He  con- 
densed nitrous  acid,  which  he  prepared  hy  n(|HliiP|NHnnn  nitrate 
with  lead  and  treating  the  nitrite  with  sulphuric  acid,  in  a  30  per  cent 
solution  of  nitric  acid  in  which  had  been  placed  leaf  gold.  At  15"  C. 
about  1  to  2  per  cent  of  the  gold  was  found  to  have  dissolved,  and 
upward  of  38  per  cent  at  83"  C,  and  51.9  per  cent  at  an  undetermined 
lower  temperature. 

In  oi'der  to  obtain  light  ou  this  point  one  of  us  prepared  nitrous 
acid  and  tested  its  effect  on  spongy  gold.  Cold  aqueous  solutions 
were  obtained  by  the  method  of  Lunge  from  starch  and  nitric  acid. 

Experiment  1. — Twenty-five  e.  c.  of  the  solution,  containing  0.032 
gram  HNOj  and  0.401  gram  HNOj  per  cubic  centimeter,  was  placed 
in  a  pressure  bottle  with  very  thoroughly  washed  spongy  gold  and 
left  in  contact  for  thirty-six  hours,  the  final  temperature  being  about 
30°.  Evaporation  of  the  filtrate  to  dryness  showed  a  small,  yellowish- 
white  residue,  which  pi-oved  to  be  mostly  organic  (a  blank  test  gave 
the  same  result).  When  this  was  heated  to  redness  a  faint  purple 
stain  remained.  This,  when  dissolved  in  a  few  drops  of  aqua  regia 
and  tested  with  stannous  chloride,  showed  a  trace  of  gold. 
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Experiment  2, — The  solution  was  more  conceutrated,  holding  0.0548 
gram  HNO2  and  0.075  gram  HNOg  per  cubic  centimeter.  A  trace  of 
gold  was  found. 

Experiments  3  and  4- — In  each  of  these  10  c.  c.  of  solution,  con- 
taining 0.062  gram  of  HNOj  and  0.219  gram  of  HNO3  per  cubic  centi- 
meter, was  sealed  in  a  tube  with  spongy  gold  and  heated  for  seven 
hours  at  about  150°.     No  gold  was  found  in  either  case. 

It  is  difficult  to  see  how  the  above  conditions  can  have  differed 
materially  from  those  in  Van  Liew's  experiments;  nevertheless, 
nitrous  acid  was  made  from  pure  x>otassium  nitrate  and  its  action  on 
spongy  gold  observed  at  a  temperature  of  about  70°  to  80°  in  pres- 
sure bottles.     No  solution  of  gold  could  be  proved. 

In  all  of  the  above  experiments  the  acid  was  filtered  through  a  close 
plug  of  ignited  asbestos  before  testing  for  gold. 

The  results  of  these  severe  tests  show  that  solvent  action  by  nitrous 
acid  during  an  assay  need  not  be  considered.  The  reported  precipi- 
tating action  of  nitrous  acid  in  dilute  solution  (see  above,  p.  26) 
seems  to  be  in  direct  opposition  to  such  solvent  action.  Van  Liew's 
abnormal  results  must  have  been  due  to  using  a  nitrate  containing 
chloride  as  the  source  of  his  nitrous  acid. 

ACTION  OP  NITRIC  ACID. 

To  test  the  possible  effect  of  nitric  acid  itself  the  following  experi- 
ments were  made : 

Four  portions  of  pure  gold  were  cupelled  with  three  times  their 
weight  of  silver  and  5  grams  of  lead  each.  Five  boilings  with  acid, 
with  intervening  washings,  were  needed  to  extract  the  silver  to  such 
an  extent  that  an  ordinary  test  failed  to  show  it  longer  in  the  extracts. 
Then  No.  1  was  boiled  with  20  c.  c.  HNOg  for  fifteen  minutes,  washed, 
annealed,  and  weighed.  No.  2  was  boiled  two  periods  of  fifteen  min- 
utes each  with  acid  and  properly  washed,  then  annealed  and  weighed. 
With  Nos.  3  and  4  the  boiling  with  acid  was  repeated  two  and  three 
times,  respectively,  the  duration  of  acid  treatment  in  case  of  No.  4 
lasting  between  one  and  two  hours.  The  following  table  shows  that 
no  systematic  losses  appear,  and  that  in  the  most  severe  test  no  loss 
whatever  occurred : 


Takon. 

Found. 

Loss. 

Mg$. 

Mga. 

Mga. 

1 

250.27 

249.99 

-0.28 

2 

250.23 

250.29 

+  .06 

3 

350.57 

250.53 

-  .04 

4 

250.88 

250.88 

.00 
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'riie  aci<I  thus  usod  was  lestod  for  gold  as  follows:  It  vfaa  evapivJ 
rated  in  clean  porcelain  dishes,  the  residues  were  moistened  with  a  fdirfl 
drops  of  water  and  wiped  out  clean  with  small  pieces  of  filter  paper,! 
these  were  wrapjwd  in  lead  cornets  to  which  a  tiny  piece  of  silver  ww 
added,  ciipellod,  and  parted. 

No.  1  gave  no  gold." 

No.  L'  gave  0.01  rag.  gold. 
K-  Xo.  'J  gave  O.UI  mg.  gold. 
'^   No.  4  gave  no  gold. 

The  acid  used  for  parting  was  hIso  carefully  tested  for  gold  afteil 
first  precipitating  the  silver.  That  from  the  four  first  partinjits  com- J 
bined  gave  no  gold.  That  from  the  second  gave  0.02  mg.  gold  in  all.  \ 
This  ^td  may  have  been  float  gold,  though  the  utmost  care  was  taken  1 
(o  guard  against  this  source  of  error. 

From  the  above  it  is  plain  that  the  losses  in  parting  with  pure  acid, 
whether  traces  of  gold  really  dissolve  or  not,  are  negligible  in  an  c 
assay  at  least. 

Til  onnclnsion  it  may  be  said  that  the  gold  bca<ls,  after  the  repeated 
treatmentK  with  nitric  acid  detailed  on  page  37,  were  dissolved  in 
aqua  regia  and  the  .'iolubions  tested  for  silver  with  the  greatest  cjire, 
botli  before  removal  of  the  gold  and  afterwards.  In  not  a  single  case 
could  the  slightest  trace  of  silver  be  detected.  ■ 

8UMMART  OF  RESULTS.  ^ 

Not  all  of  the  conclusions  here  summarized  are  to  be  regarded  as 
fully  established,  while  some  are  but  confirmations  of  earlier  state- 
ments by  others.  More  work  is  needed  along  certain  lines,  for  there 
is  more  than  one  obscure  point  connected  with  the  fire  assay  that 
needs  greater  attention  than  wo  were  able  to  give  it.  To  what  extent 
the  results  for  cupel  losses  by  difEerent  workers  will  be  influenced  by 
a  difference  in  the  quality  of  the  cupels  used  there  is,  unfortunately, 
no  means  of  determining.  The  possibility  of  siJch  a  disturbing  influ- 
ence must  always  be  borne  in  mind. 

It  is  clearly  established  that  the  fire  assay  by  crucible  for  gold 
telluride  ores  gives  results  which  are  quite  equal  to  those  obtained 
by  the  wet  way,  provided  due  corrections  are  made  for  slag  and  cupel 
losses. 

The  gold  loss  in  the  slag  is  very  small  ami  generally  negligible  with 
the  charge  used  by  us,*  but  the  cupel  losses  are  very  appreciable,  and 
considering  the  far  greater  value  of  gold  than  of  silver,  weight  for 

"The  aineai:e<-t  gold  hero  ntiows  tbn 
by  No.  I  of  the  table  above,  was  not  di 
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weight,  it  may  be  doubted  whether  the  statement  that  ''The  loss  of 
gold  in  the  assay  of  any  ore,  except  when  extremely  rich,  is  too  small 
to  require  correction "«  is  justified  when  very  exact  work  is  called 
for.  Much  depends  on  what  is  meant  by  "  extremely  rich."  Doubt- 
less the  ores  treated  of  in  Part  I  fall  within  this  category,  but  the 
losses  are  there  so  detectable  that  correction  seems  called  for  with 
ores  far  less  rich.  In  view  of  the  very  appreciable  errors  that  always 
occur  and  which  it  is  quite  impossible  to  wholly  allow  for  in  any  ordi- 
nary assay,  it  seems  that  those  who  demand  an  assay  balance  weigh- 
ing to  less  than  the  hundredth  of  a  milligram  are  decidedly  straining 
at  a  gnat  if  they  are  willing  to  swallow  the  camel  of  an  uncorrected 
assay. 

The  cupellation  loss  of  gold  by  volatilization  is  generally  small  as 
compared  with  that  by  absorption,  and  at  a  temperature  allowing 
the  formation  of  abundant  feather  litharge  is  negligible,  or  perhaps 
compensated  by  retention  of  lead  (Table  IV),  but  the  case  is  otherwise 
at  high  temperatures  (Tables  VIII  and  IX),  when  it  may  average  one- 
half  of  that  by  absorption  in  the  case  of  a  quartation  alloy.  The 
results  of  Table  VI  seem  to  contradict  the  first  statement,  for  they  show 
a  much  greater  apparent  loss  by  volatilization  than  by  absorption. 

The  loss  of  gold  by  absorption  is  a  very  important  one,  and  is 
influenced,  far  more  than  is  generally  supposed,  by  slight  changes  in 
temperature.  It  is  greater  with  pure  gold  and  lilloys  poor  in  silver 
than  with  alloys  rich  in  silver. 

From  a  limit-ed  number  of  tests  it  appears  that  the  ratio  of  volatili- 
zation loss  to  absorption  loss  for  quartation  alloys  at  higher  than  the 
normal  temperature  of  cupellation  is  about  the  same  for  both  gold 
and  silver,  or  roughly,  30  to  70.     This  point  needs  further  testing. 

Our  experiments  failed  absolutely  to  show  the  need  for  a  higher 
temperature  at  the  end  of  cupellation  with  gold  beads  than  with  those 
of  silver.  The  most  exact  results  were  obtained  when  feather  litharge 
was  still  abundant  at  the  time  of  brightening. 

Furthermore,  it  is  altogether  unnecessary  to  leave  gold  beads  in  the 
muffle  for  some  time  after  brightening  in  order  to  remove  the  last  of 
the  lead,  for  there  is  no  loss  in  weight  from  so  doing,  but  if  anything 
a  very  slight  tendency  to  increase. 

Our  results  on  absorption  as  influenced  by  the  amount  of  lead  used 
in  cupellation  are  inconclusive. 

The  error  caused  by  retention  of  lead  in  the  beads  is  one  of  some 
magnitude  if  the  results  of  two  careful  tests  are  to  be  depended  on, 
which  showed  0.30  and  0.37  per  cent,  respectively,  of  lead.  The 
amount  of  this  retention  is  not  lessened  by  leaving  the  beads  in  the 
muffle  for  some  time  after  brightening. 

Silver  can  be  completely  extracted  from  quartation  alloys  by  nitric 
acid,  but  more  than  two  repetitions  of  the  acid  treatment  and  subse- 

a  Ricketts  and  Miller,  p.  110. 
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<iueiit  washing  are  ealleil  for  if  any  certainty  of  complete  extraction 
ia  U)  be  expected. 

Tests  made  with  mixtures  of  pure  nitrous  and  nitric  acids  show 
that  the  solvent  aotion  of  the  former  acid  is  so  slight,  if  indeed  there 
ia  any  at  all,  that  it  ueed  not  be  considered  as  a  possible  disturbing 
factor  In  parting. 

Similarly  it  was  shown  that  the  losses  in  parting  with  pure  nitrie  I 
acid,  whether  traces  of  gold  really  dissolve  ornot,  are  ([uite  negligible,  J 
in  au  ore  assay,  at  leaiit. 
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